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C H A P T E R I 
INTRODUCTION 
During the last decade, interest in metal complexes of 
bidentate sulfur donor ligands has grown rapidly» The striking 
attention that these systems have received is due to several 
reasons» First of all, a very interesting redox behaviour is 
shown by a great number of metal complexes with the cis-1,2 
dithiolato ligand. 
s. 
R 
Vc- " ® ) S2C2R22-
' С 
s · ^ R 
These complexes can be oxidized in consecutive, reversible 
one-electron steps. 
M L 2" _ M L ^ M L (M = metal, L = ligand) 
η η ^ η 
Many members of such series have been synthesized; other mem­
bers have been detected in Polarographie studies. The neutral, 
the monoanionic and the dianionic complex have closely rela­
ted structures, as has been demonstrated by spectroscopic and 
X-ray studies |j, 2, 6]. Based upon theoretical considerations 
[З], this remarkable redox behaviour was thought to be res-
2 
tricted to a definite class of ligands with specific elec­
tronic configurations. The 1,2-dithiolateB should belong to 
this class but the 1,1-dithiolates should not. Recently how­
ever, complexes of the dithiocarbamato ligand, a 1,1-dithio-
late with structure 
Θ 
R 
R 
,C—N^ = S2CNR2 
were shown to occur as well in (be it small) one-electron 
transfer series [V|. This discovery has renewed a vivid in­
terest in the electronic and structural characteristics of 
complexes of both ligand types. The need for accurate struc­
ture determinations upon which to base the interpretation 
of the available chemical and physical data has resulted in 
a considerable mrriber of molecular structural investigations 
using X-ray diffraction techniques . These studies have re­
vealed remarkable structural features, such as the existence 
of the highly unusual trigonal prismatic coordination in a 
number of tris-1,2-dithiolato-metal complexes and the per­
sistent occurence of the square-planar coordination in mem­
bers of electron transfer series of bis-l,2-dithiolato com­
plexes (M Lp). X-ray studies can further be of considerable 
help in the elucidation of electronic configurations of these 
The recent developments in the field of metal complexes with 
bidentate dithio ligands are covered in reviews by Schrauzer 
[з], McCleverty [6], Coucouvanis [7] and Eisenberg [θ]. De­
tails of these reviews, related to the research presented in 
this thesis, are summarized in chapter VII. 
3 
complexes Ъу furnishing bond distances and bond angles. More 
than absolute data, differences in bond lengths and bond 
angles between complexes differing in ligand, metal or oxi­
dation state, are of interest* Since these differences are 
mostly quite small, the data of a rather great number of 
closely related complexes are necessary to afford signifi­
cant conclusions· 
It is the scope of the present study to contribute to 
a comparative structural study of 1,1- and 1,2-dithiolato 
complexes . In the following two chapters some crystallo-
graphic topics pertaining to the X-ray analyses of some of 
the structures described in this thesis are reported. The 
subjects of chapter IV and chapter V are the crystal struc­
ture determinations of bis-1,1- and bis-l,2-dithiolato com­
plexes of gold. In chapter VI the crystal and molecular 
structure is reported of a new and interesting type of com­
plex in which a 1,1- as well as a 1,2-dithiolato ligand are 
coordinated with the same metal (gold) ion. In the last 
chapter the results of the X-ray investigations are dis­
cussed in view of the afore-mentioned questions. 
All complexes investigated in this study were synthesized 
at the Department of Inorganic Chemistry of this University. 
u 
C H A P T E R II 
THE APPLICATION OF DIRECT METHODS TO CENTROSYMMETRIC 
STRUCTURES CONTAINING HEAVY ATOMS 
2.1 Introduction 
Direct methods for structure determination are widely 
used in X-ray crystallography to solve structures containing 
only atoms of about the same atomic weight. Since the solu-
tion of structures with a relatively small number of domina-
ting heavy atoms per unit cell is straightforward in most 
cases, direct methods have been used only rarely for these 
structures [9]· Arising from difficulties met in the solu-
tion of the Patterson synthesis of the structure reported in 
chapter V, a procedure was developed to use direct methods 
in the solution of centrosymmetric structures containing heavy 
atoms [jio], using the Zachariasen-Cochran-Sayre [5] triple 
product sign relationship: 
s(H + H') ^  sÍHj.sÍH1) (2.1) 
It is assumed that the positions of the heavy atoms are known, 
and that there are a sufficient number of reflections whose 
signs are determined by the heavy atoms. These reflections 
do not obey the probability relation 2.1. (Note that we have 
assumed that the number of heavy atoms is small compared with 
the total number of atoms in the unit cell and that these 
heavy atoms are the dominant scatterers for the above reflec-
tions). On subtracting the heavy atom contribution from the 
observed structure factors of these reflections, the magni-
5 
tude and the sign of the light atom contributions for these 
reflections are obtained. Starting with these reflections the 
light atom structure (the real structure without heavy atoms) 
can be determined by applying the sign relationship 2.1t to 
obtain the signs of the reflections that do not have appre­
ciable contributions from the heavy atoms. In the following 
sections of this chapter all steps of the procedure are des­
cribed in detail, and some applications are given. 
2.2 Estimation of the scale and temperature factors 
To compute normalized structure factors (i.e. the modi­
fied structure factors generally used in the application of 
direct methods), the scale factor and the overall isotropic 
temperature factor must be known. Generally these factors 
can be estimated by the statistical method of Wilson [jM^ . 
For structures with some dominating atoms, however, this 
method is useless since the conditions under which Wilson 
statistics can be applied are not satisfied for these struc­
tures. In these cases, however, it can be shown (in a way 
similar to the derivation of the formulae to account for the 
effect of heavy atoms on the Wilson-Ratio test for distin­
guishing between centrosymmetric and non-centrosynmetric 
structures |J2, ^3\), that the average intensity of a re­
flection is given by 
<F2> . = K. <rLf? > . exp(-2BT sin
2
 θ/λ2) + 
Ο η li · ι η ь 
1
 (2.2) 
K H < F H \ · е х Р ( - 2 в н 9 І п 2 θ / λ 2 ) 
where, 
6 
F is the obaerved etructure factor on absolute scale, F„ is 
о H 
the heavy atom contribution to the structure factor, K.. and 
IC. are the scale factors for the light atoms and for the 
heavy atoms respectively (K. is equal to K„ but they are 
calculated separately and small differences are usually found 
caused by the statistical procedure used), B L and IL. are the 
overall isotropic temperature factors of the light atoms and 
the heavy atoms respectively, and Σ denotes the summation 
i 
over all light atoms in the unit cell. All averages are ta­
ken over reflections h, within a given віп interval. 
To use formula 2.2 to compute the scale and temperature 
factors, the heavy atom positions must be known. These posi­
tions are, however, always easily found. When the heavy atoms 
are located on special positions, it may occur that a number 
of reflections have no heavy atom contribution (assuming the 
same spherically symmetric electron-density distribution at 
the crystallographically independent heavy atom sites). In 
this case the estimation of the scale and temperature factors 
with formula 2.2 is straightforward since application of 
this formula for these reflections only, gives the scale and 
temperature factors KT and BT for the light atoms. On sub-Li L 
stituting these values in formula 2.2, and applying this for­
mula to all reflections, a Wilson plot is obtained from which 
the scale and temperature factors K H and IL, for the heavy 
atoms can be found. The scale and temperature factors of the 
structure described in chapter V were estimated in this way. 
In case the heavy atoms are situated on general positions 
all reflections have a heavy atom contribution. To compute 
the scale and temperature factors in this case, Wilson plots 
may be calculated for intervals of F (F can be calculated 
7 
from the known heavy atom positions), from which K„, B„, KT 
И η L 
and IL can be obtained by a least-squares process* However, 
we have not investigated this сале. 
2.3 Calculation of normalized structure factors 
Normalized structure factors, denoted by E, are defined 
Ъу 
E = Γ.(εΣ f?Γ* . exp(B sin2 θ/λ2) (2.3) 
i 
where, 
F is the structure factor on absolute scale and ε is a space-
group dependent factor giving statistical weights to special 
groups of reflections D1*]. In order to apply sign relation­
ship 2.1, Ε-values associated with a structure without heavy 
atoms should be used since this relationship is not valid 
when applied to Ε-values associated with a structure con­
taining heavy atoms. Therefore the real structure has to be 
reduced to a structure with only atoms of about the same ato­
mic weight. This is achieved by subtracting from the observed 
value of a structure factor the scaled heavy atom contribution. 
Defining F as the light atom contribution to the structure 
factor, subtraction of F.. from F leads to three distinct 
η О 
cases. 
i. A reflection has a dominating heavy atom contribution. 
In this case both the magnitude and the sign of F are 
L 
found from FT = F - F„, since F has been given the 
Jj Ο η о 
same sign as F^. 
И 
ii. A reflection has a negligible heavy atom contribution. 
Then only the magnitude of FT can be obtained: 
8 
I F L I = l F o i · 
iii. A reflection has an intermediate heavy atom contribution. 
In this case F. = *|F I - F„, as the sign of F is not 
L ' ο1 Η о 
necessarily equal to the sign of F„, and two possibili-
n 
ties for F. are obtained.(Only |F | is used). 
When the heavy atoms are located on special positions, it 
may occur that only reflections of type i and type ii are 
present (again assuming the same spherically symmetric elec­
tron-density distribution at the crystallographically inde­
pendent heavy atom sites), otherwise reflections of type iii 
are also present. Once the structure has been reduced to a 
light atom structure, formula 2.3 is used to calculate norma­
lized structure factors E (= EL) from the F -values. 
2.U Generation of signs 
The signed Ε-values (computed for reflections of type i, 
section 2.3) are used as a basic set for the generation of 
new signs by applying sign relationship 2.1. When the heavy 
atoms are situated on general positions, reflections of all 
parity groups allowed by the space group, are present in the 
basic set. In this case the basic set is suitable for use as 
a starting set for the generation of signs. When the heavy 
atoms are located on special positions, some of the parity 
groups allowed by the space group, may be absent in the basic 
set, and application of relationship 2.1 to this basic set 
cannot extend the sign information to the absent parity 
groups. In this case the origin of the unit cell is not 
completely fixed. Only by choosing arbitrary signs for some 
linearly independent [lU] reflections belonging to the ab­
sent parity groups can these groups be introduced in the 
9 
basic set. 
The actual sign generation is done in a way similar to 
the Sign Correlation procedure Q 5] · Reflections from the 
basic set are denoted by НЛП', ). These reflections 
include the origin determining reflections. By application 
of relationship 2.1 to reflections Η.., the signs of new re­
flections Hp(H', ) are obtained from relations 
s(H2) -ν s(H.|).s(H!). TO illustrate this the sign relations 
βίΗρ) ^  s(H.)*s(221) from the structure reported in chapter 
V, are tabulated in Table 2.1. The reflection 221 is one of 
the origin determining reflections (s(22l) = - ) , so no re­
flections H 2 given in Table 2.1 can be present in the basic 
set. The majority of signs, s(Hp), will be found correctly 
when the reflections H1 have large Ε-values. Some individual 
relations, however, may be incorrect. Once determined, the 
signs s(Hp) are used together with those of the original set 
H. to compute additional signs s(H^) according to relations 
s(H3) -v s(H1).s(H2) and s(H3) ^  s(H2).s(Hp. At this stage 
many reflections take part in the calculations and the sign 
of a reflection H_ may often be found from several indepen­
dent relations. To illustrate this the relations contributing 
to the sign determination of the reflection 6 8 5 (from the 
structure reported in chapter V), are shown in Table 2.2. 
Although some of the signs s(H2) may be incorrectly deter­
mined, it is highly improbable that all reflections H 2 which 
contribute to the sign determination of the reflection 6 8 5 
have incorrect signs. Therefore the result of Table 2.2 
[s(6 8 5) = +] is accepted. In this way only the signs of 
reflections ІЦ which are determined from several independent 
and consistent relations are accepted. 
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Reflections marked with an "e" appear also in Table 2.2. 
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All other reflections ІЦ and all reflections H 2 calculated 
in the previous cycle are rejected. The accepted reflec­
tions H_ are stored in the original basic set, and the above 
procedure is repeated until the basic set contains enough 
reflections to continue the sign generation in the usual way. 
Table 2.2 
Relations s(6 8 3) * sÍH^.sÍHg), with |E| > 2. 
8(685) 
+(6 8 
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+(6 8 
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λ
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- ( 2 
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Τ 12) 
Reflections Η. are reflections from the original basic set. 
Reflections Η are the reflections marked with an "e" in 
Table 2.1. 
In the initial stage of sign generation, we do not care 
about the probability of individual relations, but only check 
for inconsistent relations. The application of sign relation­
ship 2.1 in this way is very safe, since no single sign rela­
tionship in itself is trusted. 
2.5 Applications 
The procedure reported in this chapter was applied to two 
structures. In the first structure, the heavy atoms were si­
tuated on special positions. The result of the procedure for 
this structure is presented in chapter V. In the second struc-
12 
ture, the heavy atoms were situated on general positions, 
and the phase problem for this structure was solved by 
Patterson methods (chapter VI). Therefore the application 
of the procedure to this structure is only a preliminary 
investigation to the applicability of this procedure for 
this type of structure. Before presenting this application 
some general remarks have to be made. 
In using the procedure for this type of structure, two 
problems will generally arise: firstly, how to decide whether 
or not the contribution of the heavy atoms dominates a parti-
cular reflection and secondly how to handle the reflections 
with an intermediate heavy atom contribution (reflections of 
type iii, section 2.3)· If the criterium which distinguishes 
reflections with dominant heavy atom contribution from other 
reflections is too strict, the resulting basic set will be 
too small for successful sign generation. On the other hand, 
if it is not strict enough, the basic set may contain a num­
ber of reflections with wrong signs. For the reflections with 
an intermediate heavy atom contribution (reflections of type 
iii, section 2.3), two possible [F-[-values are obtained. In 
the beginning stage of the sign generation process, the |E|-
values used are those calculated from the smaller of the |F |-
values for these reflections. This ensures that no wrong sign 
indications enter into the calculations with high probabili­
ties. When, however, during the course of the analysis one 
of these ambiguous reflections has been signed, any ambiguity 
in the magnitude of |F I is resolved. The correct E-value can 
be calculated and used in the further sign generation process. 
In our application the heavy atom contribution to a re­
flection was considered to be dominant when |F l/lF |<1.U. 
ο π 
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For the reflections that obeyed this criterium the heavy atom 
contribution to the structure factor was subtracted from the 
observed structure factor, and from the resulting F -values, 
signed E-values vere calculated. In this way a basic set of 
216 signed reflections with |E| > 1*2 was obtained. For I85 
reflections, unsigned E-values with |E| > 1.2 vere calculated 
using the smaller of the tvo possible JF.[-values for the 
type iii reflections. Sign generation yielded signs for 105 
of the 185 reflections. In this preliminary investigation 
ve omitted the recalculation of Ε-values for the type iii 
reflections. After completion of the structure analysis it 
vas found that 7 of the generated signs vere wrong. An E-
Fourier synthesis [50] computed using all 321 reflections 
shoved the sulfur atoms and some of the nitrogen and carbon 
atoms, but failed to show the complete molecule. This result, 
hovever, was not unexpected because several reflections en­
tered into the procedure with too small Ε-values (no recal­
culation of E) and the sign generation was finished at a 
rather early stage. 
2.6 Conclusions 
It is shown that the procedure outlined in this chapter 
constitutes another method to solve the phase problem for 
centrosymmetric structures containing heavy atoms. The first 
application shoved that, where simple Patterson methods 
failed, this procedure resulted in the solution of the phase 
problem. The second structure, initially solved by Patterson 
methods, could have been solved equally well by this proce­
dure. It may be possible that the procedure can be used rou­
tinely in automatic structure analyses. However, more expe­
rience with the procedure is needed to decide whether it can 
successfully compete with advanced Patterson methods. 
1U 
C H A P T E R III 
ESTIMATION OF THE VARIANCE OF THE MEASURED STRUCTURE FACTORS 
3#1 Introduction 
Since the introduction in crystallography of the method 
of least-squares for structure refinement, many different 
weighting schemes have been published and used [16-27]· These 
weighting schemes underlie a number of different philosophies. 
Some eure based upon an analysis of the (|F | - ¡F |) distri-
О С 
bution. As the refinement progresses, such a weighting scheme 
can be adjusted. The most probable set of structural parame­
ters can, however, only be obtained when a correct weighting 
scheme is used, and this can never be a scheme that is based 
upon these structural parameters. Other commonly used weight­
ing schemes are based upon an analytical function. The para­
meters of this function are chosen according to the experience 
of the investigator and may be dependent upon the minimum and 
maximum observable intensity. There are also weighting schemes 
that are based solely upon known experimental errors such as 
counting statistics in counter measurements. However, these 
errors dominate only for weak reflections and therefore such 
weighting schemes almost always lead to an over-estimation 
of the weight of the strong reflections. Attempts have been 
made to obtain the variance of a reflection intensity direct­
ly by repeating the intensity measurements several times on 
several crystals and with different methods. This, in fact, 
presents the only possibility to obtain a really good 
15 
weighting scheme. In practice, however, it will often be im­
possible to collect enough intensity data to estimate the 
variances of the measured structure factors directly. More­
over, the experimental work involved is seldom worthwhile 
for routine structure determinations. Finally a number of 
weighting schemes are based upon combinations of the ideas 
outlined above. In particular, a scheme that makes use of a 
combination of known experimental errors and an analytical 
function may be quite satisfactory. 
In this chapter a weighting scheme belonging to this 
last group is reported. This research resulted from an in­
vestigation of the distribution of deviations observed be­
tween the symmetry-related intensities measured for the 
structure described in chapter VI. 
3.2 General outlines and limitations 
2 
The variance of a reflection hkl, denoted by σ (hkl), 
can be considered to be the result of a number of more or 
less independent errors. Seme of these errors can be computed 
or estimated reliably \J9]> The variance associated with 
these a priori known errors is denoted by a (hkl). Other 
errors cannot be calculated easily, although many sources 
of errors and possible ways for estimating these errors have 
been published (j8, 22]. The sum of these unknown variances, 
however, can be regarded as a function of several variables, 
such as the measured intensity and the scattering angle 
[20, 29]. We denote this function by σ (G, S) where, G is 
the square root of the measured intensity and S is the value 
of sin Θ. We neglect other possible variables and assume that 
16 
the function is sufficiently determined by the two variables 
G and S. Furthermore assuming that this function is inde­
pendent of the a priori known variances, we have; 
o
2(hkl) - a2(hkl) + a2(G, S) . (3.1) 
By basing the weighting scheme upon eq. 3*1 we assume that 
the measurements are free of systematic errors. The variance 
о 
σ (hkl) is the sum of a number of variances arising from 
a 
different sources like counting statistics (for counter 
measurements) and short range fluctuations in X-ray source 
and measuring performance (in case the instrumental beha-
viour is known beforehand). The function σ (G, S) is to be 
obtained by measuring a sufficient number of reflections at 
least twice, and as independently as possible. The correct 
determination of this function involves about as much trouble 
as the direct determination of the individual variances 
о 
σ (hkl). However, we may hope to find reasonably good values 
2 2 
for σ (hkl) in case a good approximation of σ (G, S) can be 
obtained. A function that presumably is quite satisfactory 
for routine structure analyses may be based upon measurements 
of a large number of symmetry-related reflections. Writing 
the function σ (G, S) as an analytical function, the coeffi­
cients of this function can be calculated (by a least-
squares procedure) from the deviations between the measure­
ments of the symmetry-related reflections (see section 3.3)· 
Of course this function does not cover all sources of errors. 
Let us suppose that we have two "independent" series of 
2 
measurements and that σ (hkl) consists of the counting-
a 
statistical error only. Then several errors, although sta-
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tistiсally distributed over the reflections, are systematic 
in the sense that they are not revealed by repeated measure­
ments since the two series of measurements are never comple­
tely independent. In the simplest case of two identical se­
ries of measurements (the same crystal, the same instrumental 
conditions and the same reflections) these two series may be 
considered to be "independent", and the function σ (G, S) 
will only cover short range fluctuations in X-ray source and 
measuring performance (including positioning errors within 
the instrumental tolerance)· In the case of measurements of 
series of symmetry-related reflections (the same crystal and 
perhaps different instrumental conditions) other errors, de­
riving from the instrumental behaviour, and differences in 
X-ray absorption may also be covered. In сале the measure­
ments are taken from different crystals, crystal-dependent 
errors may also be observed. The determination of the fUnc-
tion σ (G, S) may be useless in case all reflections are 
measured with extreme care (perhaps at low temperature). 
(In this case σ (G, S) tends towards zero; nevertheless, 
2 
the weighting scheme cannot be based upon σ (hkl) alone, but 
uncertainties related to the structural model have to be 
considered also). For routine structure analyses, however, 
the variance given by eq. 3.1 will probably represent the 
most important part of the total variance, and we assume 
that this procedure leads to a better weighting scheme than 
the ones commonly used. 
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2 
3.3 Determination of the variance σ (hkl) 
We assume that a sufficient large number of reflections 
have been measured at least twice and independently. The 
mean value, G(hkl), of the square roots of the intensities 
measured for one reflection hkl, is given by 
! m(hkl) ι 
G(hkl) = [m(hkl)]. E I?(hkl) (3.2) 
i-1 1 
where, 
I:(hkl) is the square root of the i-th intensity-measurement 
of the reflection hkl, and m(hkl) is the number of measure­
ments of this reflection. The deviations of the individual 
measurements from the mean show a Gaussian distribution. 
When the number of measurements m(hkl) is large, the variance 
in a single measurement of I:(hkl) is given by 
m(hkl) j 
ó^hkl) « [m(hkl) - fj"'. Ζ [G(hkl) - I?(hkl)]M3.3) 
i=1 г 
For small values of m(hkl) ( e . g . m(hkl) » 2 or 3 ) , average 
о 
values of δ (hkl) can be obtained for each range of G and S. 
That i s , consider the G, S-space t o be divided i n t o i n t e r ­
v a l s (G., S . ) · For each such in terva l the weighted average 
of 6 2 (hk l ) i s 
according t o 
 *
 J 
of 6 (hkl) is computed over all appropriate reflections 
:δ
2
>. . = Σ. .{m(hkl)-1} Γ1.Σ. . [jm(hkl)-1 }.62(hkl)] 
(3.10 
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where, 
η 
Σ. . indicates the summation over all η (η = η. .) reflec-
tions in the interval (G., S.). When the number of reflee-
ι J 
tions (n) in the interval concerned is sufficiently large, 
the result of eq. 3*h vili be the average variance of a re­
flection vith G and S values equal to the mean values of G 
and S in this interval. These mean values are calculated 
according to 
<G>. . 
i.J 
<S>. . 
i.J 
η Ί ι
 n 
Σ. .m(hkl)Γ .Σ. .[m(hkl).G(hkl)] and 
ñ Ί ι n 
Σ. .m(hkl) Γ .Σ. .(m(hkl).S(hkl)] (3.5) 
о 
A part of the variance given by eq. 3.1» (σ (hkl), see 
section 3*2) is known a priori. The G( S dependent part of 
the variance is obtained, in analogy with eq. 3.1, by 
2 2 2 
σ . . = <δ >. . - <σ > (3.6) 
where, 
2 2 
<σ >. .is the average value of σ (hkl) computed over all 
a i,j a 
reflections in the interval (G., S.). Therefore the result 
2 1 
a . . is an experimentally obtained value of the function 
σ (G, S) for this interval. When the G, S dependent part of 
the variance is continuous in G and S (this is a plausible 
assumption), this function can be expanded as a polynomial 
in G and S, say 
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2 2 
σ (GtS) • α1 • a2.G + a^.S + a^.G.S + a5.G + ... (3.7) 
Experimentally obtained values of this function are known 
according to eq» 3.6, The choice of terms in the right-hand 
side of eq. 3*7 is made such that a reasonably good fit be­
tween the observational values and the computed values can 
be obtained when the constants a. are determined by a least-
squares procedure. The least-squares observational equations 
are of the form 
ρ 
σ . . = a4+a„.<G>. . + a,.<S>. . + a, .<G>. ..<S>. . + 
2 
a
c»C<G>,· ·] + ··· (3.8) 
For each interval (G.( S.)» an observational equation 3.8 is 
obtained. The accuracy with which each σ . . value is ob-
tained may be used to attach a weight to each of the equa-
2 
tions 3*8. An estimation of the standard deviation of σ . . 
(to be denoted by Δ) is obtained from the deviations of the 
2 2 
individual 6 (hkl) values (eq. 3.3) from the mean <6 >. . 
(eq. 3.1») according to 
η
 1 
Δ 2 = [(n-l).E. .{m(hkl)-1}]" . 
Σ, .Qm(hkl)-1}.{62(hkl)-<62>. . Д 2 . (3.9) 
Here, η (= η. ·) is the total number of reflections in the 
1
»J 
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interval (G., S.). Least-squares solutions are calculated 
for several different functions 3*7 obtained by varying the 
selection and/or number of terms. By comparing the observed 
and calculated values of σ . . (eq. 3*8), the best fitting 
2 i.J function σ (G, S) (eq. 3·Τ) is accepted. 
From the known function σ (G, S), the G, S dependent 
part of the variance can be calculated for any reflection 
hkl by substituting the corresponding G and S values. By 
2 
adding the a priori known variance σ (hkl), the variance 
2 a 
σ (hkl) is obtained from eq. 3.1. The weighted average 
G(hkl) is calculated from the m(hkl) individual intensity 
measurements for the reflection hkl according to 
fm(hkl) ,, 
G(hkl) = Σ σ (hkl) 
Li»1 
m(hkl) 
. Σ o
-c(hkl).l|(hkl) 
i«1 
(3.10) 
2 
The variance σ^/^ι) is given by 
2 
0G(hkl) 
m(hkl)
 2 
Σ σ (hkl) 
_i=1 
"
Ί
 (3.11) 
(Differences in G(hkl) and G(hkl) reflect differences in the 
2 — 2 
individual σ (hkl) values). The values of G(hkl) and «JJ/^T) 
are converted to F(hkl) and σ|, . in the usual way. 
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3·1* Application 
* 
The procedure outlined above was programmed m FORTRAN IV 
and applied to the refinement of the structure reported in 
chapter VI. 
The weighting scheme used was derived from three series 
of measurements (see section 6.1)· For most of the ібЗТ 
symmetry-independent reflections hkl, three observations 
were available. The counting statistical variance was used for 
o
2(hkl). 
a 
To calculate the G, S dependent part of the variance a 
number of functions a (G, S) with different terms were used. 
The following function gave the best fit between the experi-
2 
mentally obtained σ . . values and the calculated values: 
2 2 2 h 
a (G,S) » a.+a-.G+a-.G +a. .S+a5.S +ag.G.S+a7.G + 
a8.G
2
.S2+a .G.S2+a10.G
2
.S (3.12) 
(Other functions tried had as few as 7 and as many as ^k 
terms. The selection of the function 3*12 was based upon 
2 
an inspection of the l i s t s of observed and calculated σ . . 
values). For the constants a. of this function, resulting 
from the least-squares solution of a set of 56 equations 
3.8, the following values were obtained; -U3.10~ , -51.10 , 
20. IO"1*, -17.10°, 27.10 1 , 30.10" 1 , -20.10~ 9 , 57.10°, 28.10° 
and 72.IO (for i = 1, 2, , 10).(We do not attach a 
physical meaning to the individual values of these constants). 
I am grateful to Mr. Th.W. Humraelink for his aid in the 
programming. 
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The G, S dependent part of the variance for individual re­
flections was calculated by substituting the corresponding 
G and S values in eq. 3.12t using the constants a. as given 
2 ^ 
above. Subsequently the variance σ (hkl) was computed accor-
o 
ding to eq. 3.1 by adding the a priori known variance a (hkl). 
a 
Some of the numerical results are given in Tables 3.1 -
3Λ. 
Comment on Tables 3.1 - З·1*: values of variances, multiplied 
by 100, are tabulated for intervals (G., S.). The G and S 
values given for each column and row are the upper limits 
of the given interval. The number of reflections in each 
interval is in the range η = 30 - 150. The actual values 
given in the Tables are obtained by averaging over as well 
the particular interval as the neighbouring intervals in 
order to avoid sharp fluctuations in the calculated varian­
ces. The reading of the Tables is illustrated with an ex­
ample. 
Example: from Table 3.1, for G = 30 and S = 0.050, we read 
<σ >. . = 1.U8. Therefore <σ>. . = 1.U82 = 1.22 for an ave-
a i,j a itJ 
rage G value of about 25, implying that the average counting 
statistical error is about (1.22/25) * 100 = U.88 %. 
2 
In Table 3.1 the average variances <σ >. ., obtained 
a
 liJ 
from counting statistics, are shown. Table 3.2 gives the 
ρ 
average variances <δ >. ., estimated from the deviations 
between individual measurements. These Tables clearly show 
that calculation of a weighting scheme based solely upon 
the errors obtained from counting statistics will result 
in over-estimated weights for reflections with large G 
2k 
values and small or intermediate S values (the strong low-
order reflections). For these reflections the <σ > . values 
a
 i.J decrease in going from small to large G values, whereas the 
2 
<6 >. . values increase. 
It is always possible that some of the observed devia­
tions between individual measurements are much larger than 
can be accounted for by statistical errors in the measure­
ments. These large deviations are caused by mal-functioning 
of the measuring device» and the affected reflections should 
be ommitted from the calculâtions.(The very large numbers at 
the upper right side of Table 3.2 arise from such effects). 
To eliminate these reflections we used the statistical cri-
terion of Chauvenet [ЗО] ; i.e. all reflections for which the 
individual intensity measurements deviate by more than a 
factor к times their estimated standard deviation from the 
mean G are rejected. The factor к depends upon the number of 
"observations" from which the standard deviation of a parti­
cular reflection was calculated, this number being equal to 
η (Ξ η. .) (i.e. the number of reflections in the interval 
(G.t S.) to which a particular reflection belongs). In our 
calculations к had the fixed value of 2.5.After application 
of Chauvenet's criterion new variances are calculated for the 
remaining reflections and the test is applied again. This 
procedure is repeated until no more reflections are rejected. 
For the present example this was achieved after U cycles. 
Altogether, 50 reflections of the original 1037 reflections 
were rejected. These 50 reflections include 26 strong low 
order reflections that were beforehand known to have been 
measured incorrectly (see section 6.1). 
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Table 3.1 
2 
100.<a
a
>. ., as obtained from counting statistics 
s, 
0.020 
0.035 
0.050 
0.065 
0.080 
0.095 
0.110 
0.125 
0.150 
0.180 
G, 20 
181 
171* 
m 
183 
186 
190 
188 
200 
30 
162 
1Ц9 
lUe 
11*6 
156 
160 
165 
172 
190 
197 
1*5 
106 
105 
106 
108 
110 
113 
117 
128 
139 
60 
81 
83 
8U 
87 
90 
93 
98 
80 
72 
73 
Ik 
76 
80 
81* 
100 
68 
69 
71 
72 
75 
120 
67 
68 
69 
70 
150 
65 
66 
67 
190 
63 
6h 
65 
300 
62 
Table 3.2 
2 * 
100.<δ >. ., original experimental values 
G, 20 30 1*5 60 80 100 120 I50 190 300 
s. 
0.020 
0.035 
O.O5O 
O.O65 
0.080 
0.095 
0.110 
0.125 
0.150 
0.180 
191» 
173 
179 
206 
193 
193 
180 
205 
see comment on page 23. 
22І* 
170 
185 
179 
208 
177 
177 
167 
193 
368 
2U2 
187 
15U 
177 
11*1* 
ІЗІ* 
12І» 
137 
890 
521 
201 
138 
I60 
128 
129 
1311 
75U 
218 
137 
ІЗІ* 
101 
1570 
977 
1*61* 
161 
170 
1*170 
2605 
607 
221 
721*3 
5701* 
916 
11023 
9U83 
3U5 
9876 
205 
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Table 3.3 
2 
100.<δ >. ., experimental values corrected by elimination of 
incorrectly measured reflections 
s. 
0.020 
0.035 
0.050 
0.065 
0.080 
0.095 
0.110 
0.125 
0.150 
0.180 
G, 20 
1UU 
1UU 
155 
186 
189 
193 
175 
20U 
30 
16k 
135 
13U 
1U0 
166 
167 
170 
163 
192 
203 
U5 
1U2 
119 
115 
IIU 
131 
126 
12U 
12U 
137 
60 
19U 
}kU 
123 
102 
110 
110 
IO8 
80 
2U7 
188 
137 
108 
93 
9U 
100 
352 
262 
178 
120 
82 
120 
3U5 
269 
187 
\kk 
150 
36U 
322 
2UO 
190 300 
933 
835 1275 
205 
Table 3.U 
100.<62>. .-(cale.) (eq. 3.13) 
G, 20 30 1*5 60 80 100 120 150 I90 300 
s. 
0.020 
0.035 
O.O5O 
O.O65 
O.O8O 
0.095 
0.110 
0.125 
O.15O 
0.1Θ0 
IUI* 
150 
158 
177 
187 
191 
I89 
196 
IUI 
ІЗ6 
Шо 
ìh3 
157 
163 
169 
17U 
187 
190 
127 
^2k 
120 
119 
119 
120 
12U 
133 
lUO 
172 
1U7 
126 
112 
10U 
10U 
108 
2U1 
191 
11»3 
112 
97 
95 
311 
231 
156 
117 
93 
379 
263 
176 
130 
1*58 
376 
23U 
721 
595 
291 
918 
see comment on page 23« 
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2 
In Table 3.3 the average variances <δ >. ., calculated 
after elimination of the 50 incorrectly measured reflections 
are given. The very large numbers at the upper right side 
of Table 3.2 are reduced to reasonable values in Table 3.3 
without changing the overall trend in the values. Finally, 
Table 3·^ shows the "calculated" <δ >. . values obtained in 
i.J 
analogy with eq. 3.6, from 
2 2 2 
<δ >. .(cale.) = σ . .(cale.) + <σ >. . (3.13) ifJ liJ a itj 
where, 
2 2 
a . .(cale.) is the value of σ (G,S) for the mean G and S 
value of this interval. From Tables 3.3 and 3.1* it is seen 
2 
that the observed and calculated values of <δ >. . agree 
very well, showing that eq. 3.12 is a usefull form of the 
general equation 3.7. Furthermore, Tables 3.1 and 3.3 show 
ρ 
that for the weak reflections the values of <σ >. . and 
„2. a i,j <δ >. . are more or less equal indicating that the function 
a (G,S) tends towards zero for these reflections. This illus­
trates the dominance of the counting statistical errors for 
2 
these reflections. The variance σ (hkl), calculated from eq. 
о 
3.1 for individual reflections, is replaced by σ (hkl) in 
2 the event that σ (hkl) exceeds the calculated value of 
Ρ
 a 
c^ihkl). 
3.5 Discussion 
The importance of the use of a good weighting scheme is 
generally recognized. The procedure outlined in this chapter, 
in our opinion allows one to calculate a reasonable good a 
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priori weighting scheme in which the most important errors 
are covered. However, it is difficult to establish which one 
of several weighting schemes is the hest one, since no ob­
jective criteria are available for testing the assigned stan­
dard deviations. It may be possible, however, that the method 
outlined by Abrahams and Keve [52] is suitable for this pur­
pose. 
Improvements in the procedure outlined in this chapter 
are possible. Among others, these improvements will be con-
cerned with the choice of the best function α (G,S). We have 
tried to develop a statistical test for this purpose, but 
further research is needed to find a reliable automatic se­
lection procedure. 
As mentioned before this weighting scheme can be used 
о 
only in с eis e the function σ (G,S) leads to reasonably large 
values of the variances for the stronger reflections. If 
this is not true then variances arising from other sources, 
2 2 
not covered by σ (G,S), should be added to σ (hkl). However, 
in this case (σ (G,S) tending towards zero) very accurate 
intensity data are available. Mostly these intensities will 
be measured at low temperature, and therefore many more re­
flections are generally available than in case the data are 
collected at room temperature. In this case the influence of 
the weighting scheme on the final parameters is known to 
be less severe, and the more commonly used weighting schemes 
may be used with more confidence. 
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C H A P T E R IV 
CRYSTAL STRUCTURE ANALYSIS OF BIS(N,N-di-n-BUTYLDITHIOCABBA-
MATO)GOLD(III) DIBROMOARGENTATE(l) * 
^.1 Crystal data and intenaity measurements 
Crystal data of bis(N,N-di-n-butyldithiocarbaniato)gold(III) 
dibromoargentate(l), Au(S2CN(Ci Hg)2)2AgBr_ (hereafter denoted 
by Au(dtc)2AgBr ), are given in Table U.I. 
Intensities were measured on an automatic Nonius-diffracto-
meter, using the moving-counter moving-crystal method (scan 
speed 0.3 /min.) and Ni-filtered CuKo radiation. The intensi­
ties of 85U of the І63З attainable symmetry-independent reflec­
tions (up to sin6/X = 0.50 A ) have been measured. These in­
tensities have been corrected in the usual way for long range 
fluctuations in the primary beam, for Lorentz and polariza­
tion effects and for absorption. 
U,2 Structure determination and refinement 
The gold, silver and bromine positions were determined 
from a three dimensional Patterson synthesis, computed with 
all observed reflections. From a heavy atom phased Fourier 
synthesis all remaining atoms except for those of the butyl 
chains were found. The positional and the anisotropic vibra­
tional parameters of the known atoms and the scale factor 
were refined by full-matrix least-squares methods. A diffe-
I am grateful to Mr. A.M. Verhoeven for his help in this 
structure analysis. 
For details see \3\\· 
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rence Fourier synthesis, computed at this stage, shoved ex­
tensive residual density in the expected regions of the butyl 
chains* The peaks in these regions, however, vere not resolved 
and individual atomic positions could not be obtained unambi­
guously. A probable set of positions for the butyl carbon 
atoms (i.e. giving reasonable bond distances and angles) vere 
Table U.I 
Crystal data of Au(dtc)2AgBr2 
data method 
crystal mor­
phology 
mol. formula 
FW 
space group 
prismatic, brown 
crystals elongated 
along the c-axis 
AuS
u
N2Cl8H36AgBr2 
873.^1 
С 2/c С с or С 2/c from 
systematic extinctions, 
С 2/c confirmed by the 
structure analysis. 
D
m 
D
x 
y(CuKa) 
а 
b 
с 
ß 
1.98(2) g cm' 
1.95(1) g cm 
208.8 cm-1 
17.39(1) X 
18.65(1) X 
9.199(6) Я 
93.9(1)° 
-3 
-3 
flotation method 
least-squares adjust­
ment of , у and χ 
diffractometer measure­
ments for 22 reflections 
in the range 10ο<θ<30ο. 
Ni-filtered CuKct radiation, 
λ = ι^ιδ Ä. 
31 
sought from the difference Fourier synthesis and used as 
starting positions for a least-squares refinement of the 
butyl chains. However, all attempts to refine these posi­
tions failed. The R-value was not affected, and resulting 
hond lengths and angles were highly improbable. Therefore 
the refinement of the structure was concluded by holding the 
butyl carbon atoms fixed at the positions determined from 
the difference Fourier synthesis and refining the other pa­
rameters, including isotropic vibrational parameters for the 
butyl carbon atoms. According to our experience with similar 
structures, the failure to locate the atoms of the butyl 
chains cannot be explained by errors in the observed struc­
ture factors. We presume that the butyl chains are disordered 
(see also section 2.3). The final conventional R-factor is 
O.OUS. A final difference Fourier synthesis showed some maxi­
ma of about 1 e.A around the heavy atoms and 0.6 e.A in 
the neighbourhood of the butyl chains. The atomic scattering 
factors used in the least-squares refinement were those of 
Au , Ag , Br", S, N and С corrected for the anomalous scatter­
ing term Δί*, using data from the International Tables [32]. 
The weighting scheme used in the least-squares refinement was 
obtained from counting statistics (From our experience, as 
described in chapter III, we realize that a better weighting 
scheme could have been used. Because of the large amount of 
experimental work and computer-time involved, however, we did 
not reinvestigate this structure). 
Table h.2 
Final atomic parameters (with e.s.d.) for AutdtcJ^AgBr^ 
(;i) ill atoms vxivpt hurrl curium «//u/iiv. 77«· expresshm used for the anisotropic temperature factor is: схр — (оц Λ2 +/JjjA2 + (іці* + 2ßi:lik +2/ίυ/ι/ + 
2A,A/) 
ft і9, A J 
CVJ 
Ли 
л« 
»г 
S<l) 
S(2) 
Ν 
( ì l ) 
».(ΧΧΧ) 
00000 
01.121(2) 
I) 1081(4) 
0 0278(5) 
Ol 54(2) 
0· 107(2) 
0.0000 
0-2015(2) 
0-2023(3) 
00033(7) 
01197(5) 
0135(2) 
0091(2) 
0.0000 
0-2500 
01730(5) 
0169(1) 
0 050(1) 
0-245(4) 
0173(4) 
0.0036(1) 
00062(3) 
00066(3) 
00050(4) 
00040(5) 
0006(2) 
0008(3) 
0.0033(1) 
0-0059(3) 
00081(3) 
00042(4) 
00040(4) 
0006(2) 
0003(2) 
0.0116(4) 
00209(9) 
0 024(1) 
0014(2) 
σ02Ι(2) 
0031(9) 
0006(7) 
-0.0001(1) 
00000 
-00021(2) 
-00005(5) 
-00004(3) 
-0000(1) 
-0001(1) 
0(КЮ1(2) 
O-OOI 0(4) 
0-0009(4) 
-00014(7) 
-00010(8) 
- 0 001(3) 
-0002(3) 
-0.0001(2) 
O-(XXK) 
- 0 - 0 0 2 0 ( 5 ) 
-0·(Χ)2( I ) 
- 0 001(1) 
0003(3) 
<)-0W(3) 
( Ь) Unti I carbon atoms. The positional parameters are the unrefined results of a difference Fourier synthesis (see text) 
В 
(A 1 ) <A-') 
C(2) 
C<3) 
C(4) 
C(5) 
0-211 
0 2 8 9 
0 353 
0-434 
0097 
0094 
0064 
0 0 5 4 
0-344 
0-278 
0 394 
0-333 
7(1) 
9(1) 
10(1) 
8(2) 
C(6) 
C(7) 
C(8) 
C(9) 
0133 
0175 
0 1 5 0 
0083 
-0-222 
-0-236 
-0-328 
-0-350 
0-256 
0142 
0 134 
0 061 
11(2) 
9(1) 
11(1) 
IW2) 
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U.3 Description of the atructure 
The atomic parameters are given in Table h.2. In viev of 
the presumed diaorder of the butyl chains, little physical 
significance can be attached to the temperature factors given 
in peurt (b) of this table. Bond distances and angles are pre-
Fig. U.1 - Bond distances and angles in Au(dtc)2AgBr2· Pro-
jection perpendicular to (101). Au is situated on 
an inversion centre, Ag is situated on a twofold 
axis, Br ia only 0.166 A out of the plane through 
Au, S(l) and S(2). Standard deviations of the bond 
distances (Ä) and angles (0) are given in paren-
theses. 
3U 
eented in Fig. U.I. The structure is illustrated in Fig. T.1 
and Fig. 7.3 (chapter VII). 
Au(dtc) 2AgBr 2 consists of tvo ionic units, Au(dtc)p and 
AgBrg. The position of these ions in the unit cell is clearly 
shown in Fig. 7.1. In the direction of the c-axis, the cations 
are piled on top of one another, adjacent cations being re-
lated by a twofold axis. The gold atoms are 4.600(3) X (= sc) 
apart. The silver atoms of the anions are situated on the two-
fold axes and are linearly coordinated by two bromine atoms. 
Anions and cations form "chains" along the c-axis, with the 
bromine atom of the anion displaced by 0.166(5) Ä from the 
plane through the gold and sulfur atoms of the cation (illus-
trated in Fig. 7.1). The equation of this plane is: 0.6577 X -
0.0209 Y - 0.7530 Ζ = 0 . Contacts between different "chains" 
are normal van der Waals contacts. Some interionic distances 
within one "chain" are shown in Table 1*.3. 
Table U.3 
Interionic distances less than k R 
(A) (A) 
Au—S(I)I 3-689(8) S(2)—S(2) I 3-87(1) 
Ag—S(2)II 3-16(1) S(2)—N I 3-79(3) 
Br—S(l) 3-74(1) S(2)—C(1)I 3-62(4) 
Br—S(2) II 3-68(1) 
The butyl carbon atoms are excluded. 
Symmetry code : I : -x, y,\-z И : -*» -У, - ζ 
Mean planes through a group of atoms are given by their 
normal equations referred to an orthogonal set of axes Χ, Y 
and Z, with X along the a-axis, Y in the (a,b)-plane and Ζ 
along the c*-axis. The weights used in the least-squares 
calculation are based upon the accuracy of the positional 
parameters. 
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Within the accuracy of the structure determination, the 
geometry of the cation is identical to that of the cation in 
the gold-dithiocarbamates Au(dtc)2Br \3h], Au(dtc)2AuBr2 [ЗЗ] 
and Au(dtc)-Au(mnt)p, the latter compound being described in 
chapter V. Important dimensions of the cation in all of these 
structures are tabulated and discussed in chapter VII. The 
presumed disorder of the butyl chains in the structure of 
AuidtcîpAgBr« has not been observed in the other dithiocarba-
mato complexes of gold mentioned above. This disorder might 
be explained by the fact that more space is available for the 
butyl chains in the Au(dtc)2AgBr2 structure (see Fig. 7.3 
and Fig. 7.M than in the other structures. The packing of 
the ionic units in this structure is completely different 
from the packing in the analogous compounds Au(dtc)2CuBr2 
[35]» Au(dtc)2AuBr2 and Au(dtc)2Br: this will be discussed 
further in chapter VII. 
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C H A P T E R V 
CRYSTAL STRUCTURE ANALYSIS OF BIS(NtN-di-n-BUTYLDITHI0CAR3A-
MATO)GOLD(III) BIS(1,2-DICYAN0ETHENE-1,2-DITHIOLATO)AURATE(ill) 
5·1 Crystal data and intensity measurements 
Crystal data of bie(N(N-di-n-butyldithiocarbamato)gold(lII) 
bis( 1,2-dicyanoethene-1 ^ -dithiolatojauratedll), Au(S2CN 
(СцН9)2)2Аи(52С2(СН)2)2, (hereafter denoted by Au(dtc)2-
Au(mnt)2, are given in Table 5.2 (The abbreviation rant derives 
from maleonitriledithiolate). 
Intensities were measured on ал automatic Nonius-diffrac-
tometer using the moving-counter moving-crystal method (scan 
speed 0.3 /min.) and Ni-filtered CuKa radiation. The intensi­
ties of I87I* of the 799О attainable symmetry-independent re­
flections (up to βίηθ/λ = 0.81 A ) have been measured above 
background. These intensities have been corrected in the 
usual way for long range fluctuations in the primary beam, 
for Lorentz and polarization effects and for absorption. 
Table 5.1 
Distribution of detectable and not detectable reflections over 
the eight parity groups 
parity group 
(hkl) 
eee, eoo 
eeo, eoe, 
oeo, ooe, 
000, oee, 
number of 
reflections 
2060 
5930 
detectable 
above back­
ground 
1336 
538 
not detectable 
above background 
72U 
5392 
e » even, о = odd for reflection indices. 
For details see [36]. 
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Sir.ce the gold atoms are situated on inversion centres 
(see section 5.2), six of the eight parity groups of reflec-
tions do not have appreciable gold contributions to their 
structure factors, hence the rather small number of reflec-
tions that have been measured above background. Table 5.1 
gives the number of the measured reflections in each parity 
group. 
5.2 Structure determination and refinement 
The reflections hkl (h = 2n, k+1 = 2n) appeared to be very 
strong relative to other reflections, confirming, as stated 
above, that the gold atoms were situated on inversion centres. 
For the independent gold atoms the positions 000 and ¡00 were 
chosen·(Note that 005 and 2O5 could have been chosen also). 
The symmetry-related gold atoms then are situated on ОЦ and 
222 respectively. A sharpened Patterson synthesis (sharpening 
2 2 
factor l+.sin Θ. exp(-U.A.sin θ), with A = 0.2087), computed 
with all 187b observed reflections, showed sixteen gold-sul­
fur vectors around the origin. A large number of trial struc­
tures, each giving acceptable bond distances and angles 
(nearly all angles between the different gold-sulfur vectors 
were acceptable) could be deduced from this Patterson syn­
thesis. Refinement of the five most probable models failed. 
A procedure for the application of direct methods to centro-
symmetric structures containing heavy atoms was then developed. 
The application of this procedure resulted in the solution 
of the phase problem. The procedure is described in detail 
in chapter II: the results of the application to this struc­
ture are presented below. 
The scale factors and the overall isotropic temperature 
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data 
crystal mor­
phology 
mol. formula 
FW 
space group 
Ζ 
D
m 
D
x 
μ(ΜοΚα) 
a 
Ъ 
с 
ß 
Table ^ .2 
Crystal data of Au(dtc)-Ai 
prismatic, brown 
crystals elongated 
along the a-axis 
А
 ¥б с 2б
н
зб 
1083.03 
Ρ 2^0 
2 
2.02(2) g cm"3 
1.98 g cm"3 
87.8 cm"1 
9.930(3) Ä 
12.517(3) X 
15.632(3) Ä 
110.1»6(3)0 
method 
systematic extinctions 
pycnomet ri с ally 
zero layer Weissenberg 
photographs. 
XtCuKc^) = 1.5^05 A 
X(CuKa2) • I.5UU3 Ä 
Calibration with Pt 
reflections (a(Pt) = 
З.92ЗІ Ä). Least-
squares adjustment of 
observed θ-values for 
168 Okl and 80 hOl 
reflections (50ο<θ<80ο). 
factors of the heavy (gold) atoms and the remaining (light) 
atoms were calculated according to formula 2.2 (chapter II). 
This resulted in KL = 1.29, Кд = 1.2б, B L = 3.2k X
2
 and B H = 
2.91 A . The next step was the calculation of normalized struc-
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ture factors. Since the heavy atoms are situated on inversion 
centres only reflections of type i and type ii (section 2.3) 
are present (assuming the same spherically symmetric electron-
density distribution at the two Au(1) and Au(2) sites). For 
type i reflections (1336 reflections, see Table 5·ΐ) the gold 
contribution to every reflection was calculated and subtrac­
ted from the observed structure factor of this reflection. 
This resulted in structure factors, F , of the remaining 
light atom structure. For such reflections, both magnitude 
and sign of F is obtained. The observed structure factors 
of the type ii reflections (538 reflections, see Table 5.1) 
do not have any contribution from the gold atoms and there­
fore only the magnitudes |FT| of these reflections are known: 
IF I = IF , |. The structure factors F of the remainder 
L· OOS L· 
structure (i.e. the real structure without the gold atoms) 
were converted to normalized structure factors by applying 
formula 2.3 (chapter II), using the scale and temperature 
factors given above for the light atoms. Altogether 365 
signed E-values with ¡E] > 1.3 and 270 unsigned E-values with 
|E| > 1.3 were obtained. Subsequently the triple product sign 
relationship (formula 2.1, chapter II) was applied in order to 
generate signs. Application of formula 2.1 using only the 
365 signed E-values as a basic set, cannot produce new signs 
since in this basic set only eee and eoo reflections are pre-
sent. The other parity groups must be introduced by fixing 
the origin. By choosing 000 and 5OO as gold positions, the 
origin of the unit cell is partially fixed. For the remainder 
structure this choice is the same as choosing an arbitrary 
sign for an eoo reflection. To fix the origin completely, 
two reflections from linearly independent parity groups ¡J It] 
uo 
must Ъе given ал arbitrary sign. For this purpose the signs 
of two reflections with high Ε-values were chosen: s(22l) = 
-(E = U.O) and s(3UB) - + (E = 2.9). Starting with the 365 
signed Ε-values and the two origin determining reflections 
fonatila 2.1t applied in the way described in section 2.U, 
generated 182 additional signs. An Ε-Fourier synthesis \j6] 
was computed and the positions of all non-hydrogen atoms 
were readily revealed. Subsequent computation of structure 
factors (using the light atom coordinates obtained from the 
Ε-Fourier synthesis, the known gold positions and the scale 
and temperature factors obtained from the Wilson plot) re­
sulted in a conventional R-factor of 0.12. An ambiguity in 
the position of only one butyl carbon atom was resolved 
during the least-squares refinement. 
Least-squares refinement with anisotropic temperature 
factors reduced R to 0.06. A difference Fourier synthesis, 
computed using reflections with βίηθ/λ < 0.35 A showed 
all of the eighteen hydrogens on expected positions. However, 
since this difference Fourier synthesis did not allow accu­
rate determination of the hydrogen atoms, they were placed 
at calculated positions, allowing rotation of the methyl 
groups so as to give the best fit with the difference Fourier 
synthesis. Several more cycles of full-matrix anisotropic 
least-squares refinement with fixed hydrogen parameters (B = 
U.O A ) reduced R to a final value of 0,0k for ^Q^k observed 
reflections. The final R-values for type i and type ii reflec­
tions (reflections with and without heavy atom contribution 
respectively) are O.O36 and O.O68 respectively. The atomic 
scattering factors used in the least-squares refinement were 
those of Au , S, Ν, С and Η with those of Au corrected for 
Atom 
Au(1] 
Au(2] 
S( 1] 
S( 2" 
s( V 
S( 4] 
H( 1] 
N( 2] 
·:( V 
C{ 1 
C( 2 
C( 3 
C( 4 
C( 5 
C( 6 
C( 7 
C( 3 
C( 9 
C(10 
C(11 
G(12 
C(13 
The « 
press 
exp -
X 
0 . 0 
0 . 5 
0 . 0 5 2 2 ( 5 ) 
0 . 1 3 9 1 ( 5 ) 
0 . 5 3 5 4 ( 5 ) 
0 . 6 4 5 4 ( 5 ) 
) C . 2 1 3 ( 1 ) 
0 . 7 4 1 ( 2 ) 
0 . 8 6 1 ( 2 ) 
0 . 1 4 9 ( 2 ) 
) 0 . 2 1 4 ( 2 ) 
) 0 . 3 4 6 ( 2 ) 
) 0 . 3 3 7 ( 2 ) 
) 3 . 4 7 1 ( 2 ) 
) 0 . 2 9 6 1 2 ) 
) } . 2 0 6 ( 2 ) 
1 0 . 1 5 3 ( 2 ) 
) } . 0 6 9 ( 2 ) 
) 3 . 6 5 6 ( 2 ) 
) 3 . 6 7 0 ( 2 ) 
) 3 . 7 0 1 ( 2 ) 
) 0 . 7 9 1 ( 2 ) 
F i n a l 
У 
0 . 0 
0 . 0 
0 . 1 5 6 7 ( 3 ) 
0 . 1 0 1 7 ( 4 ) 
0 . 1 0 4 5 ( 4 ) 
0 . 1 1 1 5 ( 4 ) 
0 . 2 8 8 ( 1 ) 
0 . 3 4 2 ( 2 ) 
0 . 3 5 4 ( 1 ) 
0 . 1 9 8 ( 1 ) 
3 . 3 6 5 ( 1 ) 
0 . 3 4 7 ( 1 ) 
0 . 4 1 9 ( 2 ) 
0 . 4 0 9 ( 2 ) 
0 . 3 1 5 ( 1 ) 
3 . 3 6 7 ( 1 ) 
3 . 4 7 9 ( 1 ) 
3 . 5 2 7 ( 1 ) 
3 . 2 3 0 ( 1 ) 
0 . 2 0 5 ( 1 ) 
0 . 2 7 7 ( 2 ) 
0 . 2 8 7 ( 1 ) 
T a b i 
a t o m i c p a r a m e t e r s ( w i t h 
ζ 
0 . 0 
0 . 0 
- 0 . 0 6 3 0 ( 3 ) 
3 . 1 2 5 0 ( 3 ) 
0 . 1 2 8 0 ( 3 ) 
- 0 . 0 4 7 1 ( 3 ) 
0 . 0 6 9 ( 1 ) 
0 . 2 4 3 ( 1 ) 
0 . 0 2 3 ( 1 ) 
0 . 0 4 8 ( 1 ) 
- 0 . 0 0 3 ( 1 ) 
- 0 . 0 3 2 ( 1 ) 
- 0 . 1 1 1 ( 1 ) 
- 0 . 1 3 8 ( 1 ) 
0 . 1 6 6 ( 1 ) 
0 . 2 1 5 ( 1 ) 
0 . 1 8 5 ( 1 ) 
0 . 2 4 1 ( 1 ) 
3 . 1 1 4 ( 1 ) 
0 . 0 4 2 ( 1 ) 
0 . 1 8 7 ( 1 ) 
0 . 0 3 3 ( 1 ) 
Pu 
3 . 0 1 1 0 ( 1 ) 
0 . 0 0 8 3 ( 1 ) 
0 . 0 1 4 7 ( 6 ) 
0 . 0 1 4 6 ( 6 ) 
0 . 0 1 2 2 ( 6 ) 
- 0 . 0 1 3 5 ( 6 ) 
0 . 0 1 0 ( 2 ) 
0 . 0 2 8 ( 4 ) 
0 . 0 1 5 ( 3 ) 
0 . 0 1 0 ( 2 ) 
0 . 0 1 4 ( 3 ) 
0 . 0 1 1 ( 2 ) 
0 . 0 1 1 ( 2 ) 
0 . 0 1 1 ( 2 ) 
0 . 0 1 0 ( 2 ) 
0 . 0 1 5 ( 3 ) 
0 . 0 1 4 ( 2 ) 
0 . 0 1 3 ( 2 ) 
0 . 0 1 1 ( 2 ) 
0 . 0 0 8 ( 2 ) 
0 . 0 1 4 ( 3 ) 
0 . 0 1 2 ( 2 ) 
e ? . 3 , 
e . s . d . ) f o r A u ( d t c ) p A u ( m n t ) _ 
ß22 
0 . 0 0 4 6 ( 1 ) 
0 . 0 0 4 9 ( 1 ) 
0 . 0 0 5 9 ( 3 ) 
0 . 0 0 6 0 ( 3 ) 
0 . 0 0 6 8 ( 3 ) 
0 . 0 0 6 4 ( 3 ) 
0 . 0 0 5 ( 1 ) 
0 . 0 0 9 ( 1 ) 
0 . 0 0 9 ( 1 ) 
0 . 0 0 5 ( 1 ) 
0 . 0 0 5 ( 1 ) 
0 . 0 0 7 ( 1 ) 
0 . 0 1 0 ( 2 ) 
0 . 0 1 1 ( 1 ) 
0 . 0 0 6 ( 1 ) 
0 . 0 0 7 ( 1 ) 
0 . 0 0 7 ( 2 ) 
0 . 0 0 9 ( 2 ) 
0 . 0 0 5 ( 1 ) 
0 . 0 0 5 ( 1 ) 
0 . 0 0 7 ( 1 ) 
0 . 0 0 5 ( 1 ) 
i s t i m a t e d s tandard d e v i a t i o n s a r e those o b t a i n e d from t h e 
äion used f o r the a n i s o t r o p i c t e m p e r a t u r e f a c t o r i s : 
• ( ß ^ n + ß 22k • вззі 2 + 2 S 1 2 h k + 2 0 1 3 h l + 2 ß 2 3 k l ) . 
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0 . 0 0 3 0 ( 1 ) 
0 . 0 0 3 7 ( 1 ) 
0 . 0 0 2 9 ( 2 ) 
0 . 0 0 3 0 ( 2 ) 
0 . 0 0 3 9 ( 2 ) 
0 . 0 0 5 6 ( 2 ) 
0 . 0 0 3 ( 1 ) 
0 . 0 0 6 ( 1 ) 
0 . 0 0 7 ( 1 ) 
0 . 0 0 3 ( 1 ) 
0 . 0 0 4 ( 1 ) 
0 . 0 0 4 ( 1 ) 
3 . 0 0 5 ( 1 ) 
0 . 0 0 3 ( 1 ) 
0 . 0 0 2 ( 1 ) 
0 . 0 0 4 ( 1 ) 
0 . 0 0 4 ( 1 ) 
0 . 0 0 5 ( 1 ) 
0 . 0 0 5 ( 1 ) 
0 . 0 0 4 ( 1 ) 
0 . 0 0 6 ( 1 ) 
0 . 0 0 6 ( 1 ) 
' 1 2 
- 0 . 0 0 1 8 ( 1 ) 
3 . 0 0 0 5 ( 1 ) 
- 0 . 3 0 2 5 ( 4 ) 
- 0 . 3 0 2 7 ( 3 ) 
0 . 0 0 0 0 ( 4 ) 
- 0 . 0 0 1 3 ( 4 ) 
0 . 0 0 0 ( 1 ) 
- 0 . 0 0 3 ( 2 ) 
- 0 . 0 0 4 ( 2 ) 
- 0 . 0 0 1 ( 1 ) 
- 0 . 0 0 1 ( 1 ) 
- 0 . 0 0 2 ( 1 ) 
0 . 0 0 1 ( 2 ) 
- 0 . 3 0 1 ( 2 ) 
- 0 . 0 0 1 ( 1 ) 
0 . 0 0 1 ( 2 ) 
- 0 . 0 0 1 ( 1 ) 
- 3 . 0 0 1 ( 1 ) 
0 . 0 0 1 ( 1 ) 
0 . 0 0 0 ( 1 ) 
0 . 0 0 0 ( 1 ) 
0 . 0 0 1 ( 1 ) 
' 1 3 
0 . 0 0 2 7 ( 1 ) 
0 . 3 0 2 2 ( 1 ) 
3 . 0 0 2 3 ( 3 ) 
0 . 0 0 2 8 ( 3 ) 
о.эозКз) 
0 . 0 0 4 9 ( 3 ) 
0 . 0 0 2 ( 1 ) 
0 . 0 0 2 ( 2 ) 
0 . 3 0 3 ( 1 ) 
0 . 0 0 4 ( 1 ) 
0 . 0 0 4 ( 2 ) 
0 . 0 0 3 ( 1 ) 
0 . 0 0 4 ( 1 ) 
0 . 0 0 2 ( 1 ) 
0 . 0 0 0 ( 1 ) 
0 . 0 0 3 ( 1 ) 
0 . 0 0 4 ( 1 ) 
0 . 0 0 2 ( 1 ) 
0 . 3 3 2 ( 1 ) 
0 . 0 0 2 ( 1 ) 
0 . 3 0 2 ( 1 ) 
0 . 0 0 3 ( 1 ) 
l e a s t - s q u a r e s r e f i n e m e n t . The ex 
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- 0 . 0 0 0 3 ( 1 ) 
0 . 0 0 0 4 ( 1 ) 
- 0 . 3 0 0 4 ( 2 ) 
- 0 . 0 0 0 3 ( 2 ) 
- 0 . 0 0 0 0 ( 2 ) 
- 0 . 0 0 0 4 ( 2 ) 
- 3 . 0 0 0 ( 1 ) 
- 0 . 0 0 1 ( 1 ) 
0 . 0 0 0 ( 1 ) 
0 . 0 0 0 ( 1 ) 
3 . 0 0 1 ( 1 ) 
- 0 . 0 0 1 ( 1 ) 
0 . 0 0 2 ( 1 ) 
0 . 0 0 0 ( 1 ) 
- 3 . 3 0 1 ( 1 ) 
- 0 . 0 0 0 ( 1 ) 
- 3 . 0 0 1 ( 1 ) 
- 3 . 0 0 3 ( 1 ) 
0 . 0 0 1 ( 1 ) 
0 . 0 0 1 ( 1 ) 
0 . 0 0 1 ( 1 ) 
- 0 . 0 0 1 ( 1 ) 
.-
Hydrogen parameters are given in table 5·^· 
k2 
anomalous scattering (àf1, ΔΓ"). All scattering factor data 
were taken from the International Tables [32] · The weighting 
scheme used in the least-squares refinement was: w = 
(a.IF I + b)~ . The coefficients a and Ъ were obtained from 
2 
a plot of (|F
o
| - I F J ) against |F |. The following values 
of a and b have been used: 
Table 5.U 
Hydrogen parameters for Au(dtc)3Au(iiint)p 
Atom 
H(21) 
H(22) 
H(31) 
H(32) 
H(41] 
H(42) 
H(51] 
H(52] 
н(5з: 
Н(бі: 
Жбг
1 
H(71 
Н(72 
Н(81 
Н( 2 
Н(91 
Н(92 
Н(93 
0.21 
0.11 
0.35 
0.45 
0.34 
0.24 
0.46 
0.56 
I 0.46 
I 0.38 
) 0.35 
) 0.25 
) 0.10 
) 0.09 
) 0.25 
) 0.13 
) -0.04 
) 0.06 
0.45 
0.36 
0.26 
0.36 
0.50 
0.41 
0.47 
0.40 
о.зз 
0.37 
0.24 
0.37 
0.32 
0.48 
0.53 
0.48 
0.49 
0.61 
0.02 
-0.07 
-0.06 
0.02 
-0.09 
-0.17 
-0.18 
-0.08 
-0.18 
0.17 
0.21 
0.29 
0.20 
0.11 
0.19 
о.зо 
0.22 
0.24 
Unrefined results (see text). The isotropic 
temperature factor was taken to be U.O A . 
The first index of the numbering of the hy­
drogen atoms identifies the parent carbon 
atom. 
из 
U5 < 
F < U5 
о 
F I < 120 
о' 
F I > 120 
-0.1+7 
0.013 
о.зо 
ko 
18 
-17 
5.3 Description of the structure 
The atomic parameters are given in Tables 5*3 and 5.U. 
Bond distances and angles are presented in Fig. 5.1· Pro­
jections of the structure along the b and с axes are given 
in Figs. 5*2 and 5*3. The anisotropic thermal motion is 
illustrated in Fig. 5·^· 
Fig. 5.1 - Dimensions of Au(dtc)2 (top) and Audnnt)^ (bottom), 
with estimated stemdard deviations. 
kh 
I 
г%ЗДг 
rv í 
Fig. 5·2 - Projection of the structure of AuídtcJjjAuímntJg 
along the Ъ axis. The gold atoms are on centres 
of symmetry. White ions are at y » 0 and black 
ions are at y • i. Twofold screw axes are indi­
cated· 
o Í 
U5 
Au(dtc)pAu(mnt)p consists of two ionic units, Au(dtc),, 
and Au(mnt)p. In the anion, as well as in the cation, the 
gold atom is situated on an inversion centre. In both ions 
the gold atom is in planar coordination with four sulfur 
atoms. Anions and cations alternate in strings along the 
a-axis. The dihedral angle between the coordination planes 
of neighbouring ions is 36.3 . This orientation of the 
Au(nmt)p-ion between two Au(dtc)p-ions is clearly shown in 
Fig. 5.3. Parallel strings are related by twofold screw-
axes. No interionic contacts less than those expected from 
sums of van der Waals radii occur. 
Bond lengths and angles in the cation are in close 
agreement with those found in other structures containing 
the AuUtcJg-ion [3I, 33, 3U] . The S(1 )-Au( l)-S(2) angle 
is 75·0(2) and the two symmetry-independent Au-S bonds 
are г.ЗЗЗСО S and г.ЗЗТСО Ä. The ion is nearly planar 
except for the butyl chains. The equation of the least-
squares plane through atoms Au(l), S(l), S(2), C(l) and 
N(1) is: O.905O X - 0.U221» Y - 0.0515 Ζ = 0. None of these 
atoms deviates by more than one standard deviation from the 
plane. The atoms C(2) and C(6), however, are displaced by 
0.01(2) S and O.05 Ä from the plane. 
The coordination of the gold atom in the Au(iimt)p-ion 
is nearly square-planar. The S(3)-Au(2)-S(U) angle is 
90.7(2) , and the two symmetry independent Au-S bonds axe 
2.312(1*) 8 and 2.306(U) Ä respectively. The intra- and inter-
ligand sulfur-sulfur distances are 3.28U(7) X and 3.2l»6(5) S . 
respectively. The equation of the least-squares plane 
through all atoms of the anion is: -O.658I X + O.5607 Y -
O.5026 Ζ + 3.2б73 = 0. The largest displacement from this 
U6 
Fig. 5.3 - Projection of the etructure of Au(dtc)2Au(innt)2 
along the с axis. Only one string of ions 
(at ζ » 0) is given. 
plane is found for the nitrogen atom N(2) (-0.09(2) £). 
A discussion of the structure of Au(dtc)_Au(mnt)? and 
a comparison with the structures of related dithiolato 
complexes is presented in chapter VII. 
Fig. 5.1* - View of the Auditcjg cation (top) and the 
Au(mnt)2 anion (bottom), illustrating the 
anisotropic thermal motion. 
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C H A P T E R VI 
CRYSTAL STRUCTURE ANALYSIS OF N,N-di-n-BUTYLDITHIOCARBAMATO-
1,2-DICYANOETHEIIE-l ,2-DITHI0LAT0-G0LD(III) 
6,1 Crystal data and intensity measurements 
Crystal data of NjN-di-n-butyldithiocarbamato-l,2-di-
cyanoethene-rl ,2-dithiolato-gold(III), AuS CN(C. Η ) S С (CN) , 
(hereafter denoted by Au(dtc)(innt)) are given in Table 6.1. 
Intensities were measured on an automatic Nonius-diffracto-
meter, using the moving-counter moving-crystal method. 
Three series of intensity data were collected for a crystal 
of approximate dimensions 0.20 χ 0.08 χ 0.30 mm and mounted 
with с along the goniometerhead axis. 
I. The octant hkl (all indices positive), scan speed 
0.3 /min. 
II. The octant hkl (all indices positive), scan speed 
1.2 /min. 
III. The octant hkl (h and к indices negative, 1 index posi­
tive), scan speed 0.3 /min. 
The intensity measurements were repeated in order to check 
the performance of the diffractometer; analysis of the de­
viations between the observations resulted in the development 
of the a priori least-squares weighting scheme described in 
chapter III. For each of the three series of measurements 
reciprocal space was explored up to зіп /Х = 0.60 A , using 
Zr-filtered Mo-radiation. The measured intensities have been 
corrected in the usual way for long range intensity fluc­
tuations in the primary beam, for Lorentz and polarization 
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Table 6.1 
Crystal data of Au(dtc)(iimt) 
Data Method 
crystal mor­
phology 
mol. formula 
FW 
Space group 
Ζ 
D 
ТП 
D 
χ 
μ(ΜοΚα) 
a 
Ъ 
с 
green crystals, 
plates (0 10) 
AuWl3Hl8 
5^1.52 
Ρ bea 
8 
1.93(1) g cm"3 
1.92 g cm-3 
85.6 cm" 
14.066(3) X 
28.980(2) Ä 
9.192(2) Ä 
Systematic extinctions 
Flotation method 
Zero layer Weissenberg 
photographs. 
АЕСиКаМ^і X 
X(CuKo1)=1.5
1
*05 A 
X(CuKa2)=1.5UU3 Ä 
Calibration with Pt re-
flections: a(Pt)=3.9231 Ä. 
Least-squares adjustment 
of observed θ-values for 
IU6 hkO and Qk hOl reflec­
tions (56° < θ < 81°). 
effects and for absorption. The last correction was calcu­
lated according to the Busing and Levy scheme [28] ; 
11 χ 1+ χ 13 volume fragments and sixteen accurately located 
boundary planes were taken into account. After absorption 
correction the three series of intensity data were brought 
to a common scale. Comparison of the three series of inten­
sity data resulted in R_ _ = O.OUo, E _ = 0.048 and 
ьо 
î T T
 т т г
 = O.oyj where, e.g. I I , I I I 
*!,!!« Σ DlJ-I^I] / І ^ ІІ^І^П 
ι 
with, l! being the square root of the intensity as obtained 
from the i-th measurement. Σ denotes the summation over all 
reflections measured with non-zero intensity. 
From comparison of RT T T T and R T T T T T it appears that a dif-
1 , 1 1 1 I I ,-Ι-Ι-ι 
ference in scan speed only corresponds with a Δ R (Ξ R
 T T T-
RT _T ) of 0.011. Thus the series I and II, both measured 
with the same scan speed of 0.3 /min. would have resulted in 
RI 11' £ 0·029» whereas Rj „ = 0.059. This illustrates the 
extra differences between the measurements on changing only 
the measured octants. 
Because of nal-functioning of the diffractometer at the 
beginning of all series of measurements (especially the se­
cond one), 26 reflections showed large deviations between 
individual measurements (see also section 3.M. An attempt 
to remeasure these 26 reflections failed because of crystal-
decomposition. 
For the solution of the structure average intensity data 
were used, the total number of symmetry-independent reflec­
tions measured with non-zero intensity being ібЗТ. 
6.2 Structure determination and refinement 
The gold and sulfur positions were determined from a three-
dimensional Patterson synthesis. Three cycles of full-matrix 
least-squares refinement of the positional parameters and 
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isotropic temperature factors of the gold and sulfur atoms 
resulted in a conventional R-factor of 0.135. From a heavy 
atom (gold and sulfur) phased Fourier-synthesis all remaining 
non-hydrogen atoms were found. Least-squares refinement with 
anisotropic temperature factors for all atoms reduced R to 
О.ОЗО. A difference Fourier-synthesis computed using terms 
with эіп /λ < 0.30 A , shoved all of the eighteen hydrogen 
atoms on expected positions. However, the difference Fourier-
synthesis did not allow accurate location of the hydrogen 
atoms. Therefore the hydrogen atoms were placed at calculated 
positions, allowing rotation of the methyl groups of the 
butyl chains so as to give the best fit with the difference 
Fourier-synthesis. Several more cycles of full-matrix least-
squares refinement with fixed hydrogen parameters reduced 
R to a final value of O.OU7 for 1587 observed reflections. 
The elimination of 50 incorrectly measured reflections and 
the derivation of the weighting scheme which was used in 
the least-squares refinement are reported in detail in 
chapter III. The atomic scattering factors used in the least-
squares refinement were those of Au , S, Ν, С and Η, with 
those of Au and S corrected for the anomalous scattering 
term Af'· All pertinent data were taken from the International 
Tables [32]. 
6.3 Description of the structure 
The atomic parameters are given in Table 6.2 and Table 
6.3. Bond distances and angles are presented in Fig. 6.1. 
Projections of the structure along the b and с axes are given 
in Fig. 6,2 and Fig. 6.3 respectively. 
Table 6.2 
cu 
ATOM 
F- .al atomic parameters (with e.a.d.) for Au(dtc)(innt) 
Y Z
 pi Г22 f 33 p 12 ftj f 
Au 
3( 1 
S( 2 
3( 3 
S( 4 
• ( 1 
• ( 2 
• ( 3 
C( 1 
C( 2] 
C( 3] 
C( 4] 
C( 5] 
C( 6] 
C( 7 
c( β 
C( 9 
C(10 
C(11 
C(12 
0 ( 1 3 
0.11650(4] 
) 0 . 2 4 8 9 ( 3 ) 
1 0 . 1 ^ 7 5 ( 3 ) 
O.J<jb6(3) 
-О.015У(3) 
0 . 3 0 2 ( 1 ) 
- 0 . 0 6 0 ( 1 ) 
- 0 . 2 0 5 ( 1 ) 
0 . 2 4 5 ( 1 ) 
0 . 3 0 0 ( 1 ) 
0 . 3 5 5 ( 1 ) 
0 . 4 3 0 ( 1 ) 
0 . 4 1 2 ( 2 ) 
0 . 2 9 2 ( 1 ) 
0 . 2 2 1 ( 1 ) 
0 . 2 0 4 ( 2 ) 
) 0 . 1 3 4 ( 2 ) 
- 0 . 0 0 7 ( 1 ) 
) - 0 . 0 5 5 ( 1 ) 
). - 0 . 0 4 0 ( 1 ) 
) - 0 . 1 3 0 ( 1 ) 
0.00400( 2) 0 . 2 0 6 2 6 ( 6 ) 
0 . 0 J 8 1 ( 2 ) 0 . 1 0 1 9 ( 5 ) 
0.0643(1 
-0.04'..4(1 
) 0 . 3 6 3 7 ( 5 ) 
) 0 . 0 2 0 4 ( 5 ) 
- 0 . 0 2 ^ 0 ( 2 ) 0 . 3 2 9 1 ( 4 ) 
0 . 1 1 4 ( 1 ) 
- 0 . 1 4 3 ( 1 ) 
- 0 . 1 0 9 ( 1 ) 
0 . 0 7 7 ( 1 ) 
0 . 1 2 0 ( 1 ) 
0 . 1 5 5 ( 1 ) 
0 . 1 5 7 ( 1 ) 
0 . 1 9 1 ( 1 ) 
0 . 1 4 7 ( 1 ) 
0 . 1 6 5 ( 1 ) 
0 . 2 1 7 ( 1 ) 
0 . 2 5 3 ( 1 ) 
- 0 . 0 7 5 ( 1 ) 
- 0 . 0 6 4 ( 1 ) 
- 0 . 1 1 4 ( 1 ] 
- 0 . 0 6 9 ( 1 ] 
0 . 2 5 1 ( 2 ) 
- 0 . 0 0 3 ( 2 ) 
0 . 2 7 0 ( 2 ) 
0 . 2 4 5 ( 2 ) 
0 . 1 4 2 ( 2 ) 
0 . 0 2 4 ( 2 ) 
-0 .08 t ì (3 ) 
- 0 . 2 0 5 ( 3 ) 
0 .373(2 ) 
0 .334 (2 ) 
0 .465(2 ) 
0 .426 (3 ) 
0 .086(2 ) 
0 .210(2) 
- 0 . 0 0 4 ( 2 ) 
0 .246(2 ) 
0.00502(3) 
0.0063(2) 
0.0070(3) 
O.OJ6u(3) 
0.0071(3) 
0 .005(1) 
0.011(1) 
0.011(1) 
0 .006(1) 
0.006(1) 
0 .010(2) 
0 .011(2) 
0 .014(2) 
0 .007(1) 
0 .008(1) 
0.013(2) 
0.017(3) 
0.006(1) 
0.0J6(1) 
0.007(1) 
0.006(1) 
0.00074(1 
0.0013(1) 
0 .0009(1) 
0.0012(1) 
0 .0016(1) 
0 .001(1) 
0 .001(1) 
0 .004(1) 
0 .001(1) 
0 .002(1) 
0 .002(1) 
0 .002(1) 
0 .005(1) 
0 .001(1) 
0 .001(1) 
0 .002(1) 
0 .002(1) 
0 .001(1) 
0 .001(1) 
0 .001(1) 
0 .002(1) 
0 .0150(7) - 0 . 0001 (1 ) 
0 .0132(7) - 0 .0001 (1 ) 
0 .0144(7) - 0 . 0001 (1 ) 
0 .0132(7) - 0 .0007 (1 ) 
0 .000(1) 
- 0 . 0 0 1 ( 1 ) 
- 0 . 0 0 3 ( 1 ) 
0 . 0 0 0 ( 1 ) 
- 0 . 0 0 0 ( 1 ) 
0 .000(1) 
- 0 . 0 0 1 ( 1 ) 
- 0 . 0 0 1 ( 1 ) 
0 .000(1) 
0 .001(1) 
0 .001(1) 
0 . 0 0 3 ( 1 ) 
- 0 . 0 0 0 ( 1 ) 
- 0 . 0 0 1 ( 1 ) 
- 0 . 0 0 0 ( 1 ) 
- J . O J I ( I ) 
0 
0. 
0. 
0. 
0, 
0. 
0. 
0. 
0 
0 
0 
0 
0 
0 
0 
0 
016 
015 
017 
013 
019 
015 
026 
025 
010 
015 
019 
032 
.009 
.012 
.010 
.012 
[6) 
[2) 
(2) 
(3) 
(3) 
0.0014(4) 
0.0011(4) 
0.0012(3) 
O.üol j iJ ) 
-0 .001(1 ) 
-O.OOI( I ) 
o.oo<>(.') 
-0 .002(1 ) 
0.002(2) 
0.001(2) 
0.006(2) 
0.009(3) 
- 0 .001 (1 ) 
- 0 .003 (2 ) 
- 0 .003 (2 ) 
-O.OJ3(3) 
-0 .030(1 ) 
o.oooO') 
0.00^(2) 
0.002(1) 
23 
- 0 . 0 0 1 3 ( 2 ) 
- 0 . 0003 (2 ) 
- 0 . 0 0 1 1 ( 2 ) 
- ^ o o i c ( ^ ) 
o .oo i (1 : 
- 0 . 0 0 1 ( 1 ; 
-0 .002 (1 ; 
- 0 .000 (1 ; 
o .ooi (1 ; 
o.ooi (1 ; 
0 . 0 0 0 ( 1 ; 
0 .003(2 ) 
- o . o o i ( 1 ; 
- 0 . 0 0 1 ( 1 ; 
- 0 . 0 0 2 ( 1 ; 
- 0 . 0 0 4 ( 1 ; 
- o . o o i ( 1 ; 
- 0 . 0 0 0 ( 1 : 
0 . 0 0 0 ( 1 ; 
- •0 .001(1; 
The estimated standard deviations are those obtained fron the least-squares refinement· 
The expression used for the anisotropic temperature factor i s : 
exp - (ß 1 1 h 2 • в 2 2 к 2 + 0 3 3 1 2 • 201 2hk • 2ß13hl * 2ß23 k l ) . 
Hydrogen parameters are given in table 6.3* 
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Table 6.3 
Hydrogen parameters 
Atos 
H(21) 
Н(22) 
H ( 3 1 ) 
Н(32) 
Н(41) 
Н(42) 
Н(51) 
Н(52) 
Н(53) 
Н(61) 
Н(62) 
К(71) 
Н(72) 
Н(Г.І) 
Н(Г2) 
Н(91) 
Н(92) 
Н(93) 
ζ 
0,39 
0.45 
О.ЗЧ 
0 . 2 9 
0 . 5 0 
0 .44 
0 . 4 6 
0 . 4 1 
0 . 3 4 
0 .36 
0 . 2 7 
С.25 
0 .15 
0,27 
0.1Р 
0 . 1 3 
0 .15 
е.сб 
У 
0.08 
0.13 
0.19 
0.15 
0.17 
0.12 
0.19 
0.23 
0.19 
0.61 
0.13 
0.21 
0.17 
0.23 
0.19 
0.28 
0.27 
0.23 
ζ 
0.09 
0.19 
0.0Б 
-0.03 
-0.04 
-С.14 
-0.29 
-0.16 
-0.25 
0.40 
0.47 
0.24 
0.29 
0.5С 
0.56 
0.50 
С.32 
0.41 
3 ( І 2 ) 
5.5 
5.5 
5.8 
5.Ρ 
ε.С 
G.O 
10.0 
10.0 
10.0 
4 . 5 
4 . 5 
5.9 
5.9 
7 . 0 
7 .0 
I C C 
I C O 
I C O 
Unrefined results (see text). The first 
index of the numbering identifies the 
parent carbon atom. The isotropic tempe­
rature factors are the same as those of 
the parent carbon atom. 
As is clearly shown in Fig. 6.3» the structure consists 
of distinct layers of molecules lying perpendicular to the 
Ъ-ахіз. Neighbouring layers are separated by van der Waals 
distances. Within a layer the molecules are packed pairvise 
around inversion centres. The intermolecular sulfur-sulfur 
1.47(0 Q 
1.5<(Э) 
cV— — f Ό 
1.50(3) 
-а· 
1U(2)' 
Fig. 6.1 - Dimensions of Au(dtc)(mnt), with estimated standard deviations. 
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contacts between the members of a pair are smaller than those 
between members of different pairs. Sulfur-sulfür contacts 
between one molecule and its neighbours are shown in Fig. 6.2 
and tabulated in Table 6.U. 
О Au 
О s 
О с 
f Q-i 
Ψ· 
Fig. 6.2 - Projection of the structure of Au(dtc)(nmt) 
along the b-axis. Butyl chains and CN groups 
are omitted. 
\ 
ν 
с/ t 
ΌΡ 
• - Ч 
°-^ ο O R Y^i^^M^b, у 
л. 
Fig. 6.3 - Projection of the structure of Au(dtc)(mnt) along the c-axis. 
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Table 6 Л 
Intermolecular sulfur-sulfur contacts in Au(dtc)(mnt) 
contact 
(see fig. 6.2) 
distance (A) remarks 
1 
2 
3 
k 
5 
3.U38(6) 
3.658(6) 
3.80U(6) 
3.81U(6) 
3.915(6) 
3.70 
distances between 
members of one pair 
(see text) 
distances between 
members of different 
pairs (see text) 
van der Waals contact 
Within one molecule, the gold atom is in approximately 
square-planar coordination, however, the deviations from mm2 
(С )symmetry are considerable. Firstly, the interligand 
S(2)-Au-S(10 angle is significantly (U.I0) larger than the 
corresponding S(l)-Au-S(3) angle. Secondly, the central part 
of the molecule deviates significantly from planarity as is 
illustrated in Fig. 6.U. In this figure, plane-(l) is the 
weighted least-squares plane through the atoms of the central 
part of the Au(dtc)(mnt) molecule (the atoms indicated in 
Fig. 6.U). Plane-(2) is the plane through the atoms S(l), 
S(2) and C(1) (the dtc-ligand), given by the equation 
-O.626I X + О.5826 Y - О.518З Ζ + 2.03U3 - 0. Plane-(3) is 
the least-squares plane through the atoms S(3), S(U), C(10) 
and C(11) (the mnt-ligand), given by the equation -0.5281 X + 
O.692I Y - O.U92I Ζ + 1.8288 = 0. The dihedral angle between 
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plane-(2) and plane-(3) із 8.5°. Plane-(M is the least-
squares plane through the four sulfur atoms of the 
Au(dtc)(nnt) molecule, given by the equation -О.585О X + 
О.63ІЗ Y - O.509I Ζ + 1.8251 = 0. The distances of the gold 
atom to the planes are 0.08U(1) 8, 0.102(1) Ä and 0.035(1) Ä 
for plane-(2)t plane-(3) and plane-(U) respectively. 
Fig. 6.U - Projection of the Au(dtc)(innt) molecule parallel 
to plane-(l). Note the different scales used for 
the horizontal and vertical axes. 
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The bond distances and angles within the ligands of 
Au(dtc)(mnt) are essentially the same as those found in 
bis(dtc)- and bis(mnt)-complexes of gold (compare Fig. 6.1 
with e.g. Fig. U.I and Fig. 5«1). There are several diffe-
rences in chemically equivalent bonds in the Au(dtc)(mnt) 
molecule (e.g. C(l)-S(l) and C(l)-S(2)). Although these 
are not significant, they may nevertheless be caused by the 
asymmetrical bonding of the dtc and mnt ligands to the gold 
atom. A further discussion of the molecular structures of 
Au(dtc)(mnt), Au(dtc)9 and Au(nmt)" is given in chapter VII. 
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C H A P T E R VII 
DISCUSSION OF STRUCTURAL DATA 
7·1 Introduction 
In the preceding chapters the structure determinations 
of some 1,1- and 1,2-dithiolato complexes of gold have been 
presented. In this chapter some results of these structure 
analyses will be discussed· In so far as these results are 
related to other recent developments in the field of Inl-
and 1,2-dithiolato chelates (which have been extensively 
reviewed by several authors, see footnote page 2), some of 
their details will be summarized in the appropriate sec-
tions of this chapter. 
7.2 Ionic packing in some bis-N,N-di-n-butyldithiocarbamato 
complexes of gold 
As mentioned in section U.3, the packing of the ionic 
units in Au(dtc)?AgBr_ is completely different from the 
packing in the analogous compounds Au(dtc)pAuBr- and 
Au(dtc)pCuBrp (dtc = N,N-di-n-butyldithiocarbamate). All 
+ — 
three of the complexes consist of Au(dtc)p ions and MBr? 
ions (M = Ag, Au and Cu respectively). The structures of 
the compounds with the anions AuBr and CuBr are isomor-
phous [35] · In these compounds the cations pile on top of 
one another in the direction of the c-axis. Adjacent cations 
are related by twofold axes. The gold atoms are U.095 A 
apart. The closest approach of adjacent cations is a sulfur-
61 
sulfur van der Waals distance of 3.70 Ä. The anions occupy 
the "holes" formed Ъу the butyl chains of the cations and 
are situated on inversion centres. The shortest distance 
between a cation and anion is a bromine-nitrogen distance 
of З.63 A. The crystal structure of Au(dtc)-AgBr- shows 
essentially the same piling of cations as the AuBr" and 
CuBr" compounds. This is clearly illustrated in Figs, 7.1 -
l.h. Again, adjacent cations are related by twofold axes. 
In this case the gold atoms are U.6OO л apart. However, the 
anions AgBr" are not situated in the "holes" formed by the 
butyl chains of the cations, but on the twofold axes between 
adjacent cations. The closest approach of cations and anions 
in this case is a silver-sulfur distance of 3.16 A (see 
Table U.3). The Au(l)-Br and the Ag(l)-Br bond distances as 
obtained from the structure determinations of Au(dtc)--
AuBr2[33] and Au(dtc)2AgBr2 (chapter IV), are 2.3^9(5) Ä 
and 2.U50 A respectively. The Cu(l)-Br bond length is not 
known, but according to Pauling \kÖ] it will be slightly 
smaller than the Au(l)-Br distance. 
We cannot explain the difference in packing between 
AgBr" ions on the one hand, and CuBr" and AuBr~ ions on the 
other hemd, in an almost identical environment of Au(dtc)-
ions. It is true that the anions CuBr", AuBr" and AgBr" 
differ in size. However, in our opinion it is not very pro-
bable that the observed difference in packing is caused by 
the somewhat larger size of the AgBr" ion; for, within the 
framework of the cation-piles, the AuBr" and the CuBr" ions, 
although different in size too, pack in the same way. In 
fact, these three structures once more present an example 
of the considerable difference in chemical behaviour be-
tween copper, gold and silver, in spite of their general si-
milarity. 
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О 
с 
© о χ 
О -
О· 
Fig. 7·1 - Projection of the structure of Au(dtc)2AgBr2 
along the b-axis. The butyl chains are omitted. 
Au 
О -
О' 
г 04 
f 
*SO-J 
X-0 
-
c
a 4SG 
/ Os* Po 
-
cd 
^ 
x-H 
Fig. 7.2 - Projection of the structure of Au(dtc)2AuBr2 
along the b-axis. The butyl chains are omitted. 
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Fig. 7·3 - Projection of the structure of Au(dtc)-AgBr^ 
along the с-ахіз. 
61» 
/4 
К 
Au 
Br 
Fig. J,k - Projection of the structure of Au(dtc)2AuBr 
along the c-axis* 
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7.3 Molecular structures of 1,1- and 1.2-dithiolato com-
plexes of gold 
Important dimensions of the 1,1-dithiolato cationic 
complex Au(dtc)p (dtc = NlN-di-n-butyldithiocarbamate), as 
obtained from the crystal structure determinations of four 
compounds, differing only in their anions, are tabulated 
in Table 7.1. In view of the discussions about metal-sulfur 
pi-bonding in 1,1- and 1,2-dithiolato complexes of transi-
tion metals, it is interesting to compare the gold-sulfur 
bond distance in the 1,1-dithiolato unit Au(dtc)- with that 
in the 1,2-dithiolato unit Au(innt)" (see chapter V). The 
Au-S bond length in Au(dtc)2 averages 2.333 A (Table 7.1), 
whereas in Au(iimt)", it is 2.309 A, yielding a difference 
of 0.02U(7) Ä. It is significant that a similar difference 
occurs in a complex in which the 1,1- and 1,2-dithiolato 
ligands appear jointly, and are coordinated with the same 
gold atom (see chapter VI). The Au-S distance in the 1,1-
dithiolato (dtc) moiety of this complex is 2.327 A, where-
as in the 1,2-dithiolato (rant) moiety, it is 2.295 A, so 
yielding a difference of 0.032(7) Ä. Differences between 
1,1- and 1,2-dithiolato complexes, similar to those re-
ported above for gold, have also been observed for other 
transition metals (e.g. Ni [β])· 
Discussions concerning these differences in bond lengths 
are usually given in terms of the extent of metal-ligand 
pi-bonding. From several chemical, physical and X-ray inves­
tigations it has appeared that both 1,1- and 1,2-dithiolates 
have a delocalized pi-electron system that may be involved 
бб 
in bonding of the ligand to transition metals by d .-p . 
overlap. Evidence for pi-electron delocalization in 1,1- as 
veil as in 1,2-dithiolato complexes of various transition 
metals may be drawn from structural data by inspecting the 
S-C bond distances. These distances are significantly shor­
ter than the 1.81 A single bond value [h6] and in close 
agreement with the S-C distances found in thiourea and its 
complexes \ЗІ] · Thus, in addition to metal-sulfur sigma-
bonding, metal-sulfur pi-bonding may also occur. The length 
of the metal-sulfur bond has been considered to be indica­
tive of the extent of metal-ligand pi-bonding. From this 
point of view it is concluded [δ], from observed differences 
in metal-sulfur bond distances, that metal-sulfur pi-bonding 
in dithiocarbamato (1,1-dithiolato) complexes is considera­
bly less important than it is in maleonitriledithiolato 
(1,2-dithiolato) complexes. 
However, this explanation of the differences in metal-
sulfur bond lengths between 1,1- and 1,2-dithiolates is 
questionable. In our opinion, it could be explained as well 
from steric effects. In dithiocarbamato complexes the intra-
ligand S-S distance is typically about 2.80 A, whereas in 
the maleonitriledithiolato complexes this distance averages 
3.05 A in complexes of Ni and Cu, and 3·25 A in complexes 
of Au. In the gold complexes the intraligand S-Au-S angle 
is about 75 for dithiocarbamates and about 90 for maleo-
nitriledithiolates. These differences in S-Au-S bond angles 
and in intraligand S-S distances between the 1,1- and the 
1,2-dithiolato systems might be reflective of the efficiency 
of the sigma overlap between the gold and sulfur atoms. 
Therefore the observed differences in metal-sulfur bond 
Table 7.1 
Bond distances and angles in the Au(dtc)0 cation 
distances (A) angles ( ) 
anion 
AgBrg 
AuBrg 
Br" 
Au(mnt)2 
Au-S 
2.3Ul(8) 
2.332(9) 
2.322(6) 
2.335(U) 
S-C 
1.78(U) 
1.70(3) 
1.71(2) 
1.73(2) 
C-N 
1.30(5) 
i.30(i0 
1.30(2) 
1.29(2) 
S-Au-S 
75.5(3) 
7U.7(3) 
75.43) 
75.0(2) 
Au-S-C 
89(1) 
87.9(3) 
86.5(7) 
87.46) 
s-c-s 
107(2) 
109.2(3) 
111.6(9) 
110.2(9) 
Ref. 
a 
33 
3U 
b 
All values are averages of symmetry-independent values. 
a) this thesis chapter IV. 
b) this thesis chapter V. 
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lengths between 1,1- and 1,2-dithiolates, in our opinion, 
are not such clear cut indicators for differences in metal-
sulfur pi-bonding as is sometimes suggested
> 
The dithiolato complexes of gold presented in this thesis 
show, in general, the same structural patterns already known 
for 1,1- and 1,2-dithiolato complexes of other transition me­
tals, the square planeo· geometry being the most pronounced 
structural feature. A deviating behaviour is shown by the 
"mixed-ligand" complex Au(dtc)(mnt) (chapter VI). The 
Au(dtc)(mnt) molecule deviates considerably from planarity, 
and the Au atom is irregularly coordinated by the ligands 
in the sense that the interligand S-Au-S angles differ by 
U.l .To ascertain whether this irregular coordination is 
caused by intermolecular forces peculiar to the crystalline 
state, or whether it also exists in solution, H UMR spectra 
of Au(dtc)(mnt) were recorded at various temperatures. No 
splitting of the N-alkyl proton resonances in CDCL- solution 
could be observed at temperatures as low as -60 С From this 
absence of splitting, however, it can not be concluded that 
the irregular coordination of the Au atom is caused by inter-
molecular forces in the crystal. The absence of splitting 
might also be due to an undetectably small difference in the 
magnetic environments of the N-alkyl groups (see also [li] 
P. 69). 
The pairwise packing of the Au(dtc)(mnt) molecules, al­
ready mentioned in section 6.3, is shown in detail in Fig. 
7.5· At least one of the sulfur-sulfur contacts is short 
H NMR measurements were performed using a Varian HA-100 
spectrometer operating at 100 MHz. I am grateful to Mr. 
J.F.M. Mous for carrying out these measurements. 
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\ /mm \ 
Fig. 7·5 - Packing of the Au(dtc)(mnt) molecules around an 
inversion centre (schematic). See also Fig. 6.2. 
compared with the normal sulfur-sulfur van der Waals dis­
tance of З.70 A. Although the interligand sulfur-sulfur 
distances are not so short that the Au(dtc)(mnt) structure 
can Ъе interpreted as a clear case of "inter-donor atom 
bonding" [51» 53] « the packing in this structure is never­
theless interesting in view of this suggestion. In our 
opinion it is worthwhile to analyse the structures of some 
more members of the series of the 1t1-dithiolato-1,2-di-
thiolato metal complexes. 
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7mk The effect of substituent groups on the molecular 
geometry of 1,2-dithiolato complexes 
A comparison of the dimensions of the Au(S_C_(CN)-)" 
ion (see chapter V) with those of the Au(S C-(CF_)-)~ ion 
Q+5] » shows them to be equal within one or two standard 
deviations except for significant differences in the Au-S 
bond length and the S-Au-S angle. Similar differences are 
found between comparable CF_-substituted and CN-substituted 
Co and Ni complexes. 
Table 7.2 
Interatomic distances and angles within the ethene-1,2-
dithiolato ligands of some transition-metal complexes 
complex M-S(8) S-C(Ä) C-C(fi) S-M-S(0) ref. 
Tr-C5H5-CoS2C2R2 R=CF3 2.08(1) 1.745) 1.^8(5) 92.2(2) 1*6 
R=CN 2 . 1 1 7 ( 2 ) 1 .702(6 ) 1.36U(10) 9 3 . 2 ( 1 ) 1*7 
R=CF3 2 . 1 3 6 ( 3 ) 1.70(1) 1.1*0(2) 9 1 . 4 0 ^ 
R=CN 2 .1U7(1) 1 .715(2 ) 1 .355 (5 ) 9 2 . 3 ( 1 ) U9 
R=CF3 2 .288(U) 1 .77(1) 1 .30(2) 8 9 . 7 ( 2 ) U5 
R«CN 2.309(U) 1 .75(1) 1 .35(2) 9 0 . 7 ( 2 ) a 
Average values of symmetry-independent dimensions are given. 
a) this thesis chapter V. 
Some important dimensions in CF--substituted and CN-substituted 
1f2-dithiolato complexes are given in Table 7.2. Within the 
ligands, the S-C-C angles are not significantly different for 
the CF_ and the CN-substituted complexes given in Table 7.2. 
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Thus, one would expect a larger S-M-S angle when the M-S bond 
length is shorter. However, this is not the case. It is seen 
from Table 7.2 that, in going from the CF^ to the CN substi-
tuent, a shorter M-S bond is coupled with a smaller S-M-S 
angle. This same coupling occurs irregardless of whether the 
metal is Co, Ni, or Au. Hence, a considerable change in the 
geometry of the ligand occurs on changing the substituent 
group. An explanation of the increase of the S-M-S angle on 
replacing the CN-substituent group by the CF--group might 
possibly be given in terms of differences in intraligand 
sulfur-sulfur repulsion. The CF_-group is a stronger electron-
withdrawing group than the CN-group. The presence of the 
CF_-group as substituent in the 1,2-dithiolato ligand, will 
therefore cause a greater charge shift from the sulfur atoms 
towards the substituent than in the case of CN. The resulting 
difference in (partial) negative charge on the sulfur atoms 
between CF- and CN-substituted 1,2-dithiolates, may be re-
flected in different intraligand S-S repulsive forces. This 
difference can result in a smaller S-M-S angle for the com-
plex with the stronger electron-withdrawing substituent. 
7.5 The C-N bond length and the infra-red C-N stretching 
frequency in N.N-dialkyldithiocarbamato complexes 
As established in a great number of N,N-dialkyldithio-
carbamato complexes, C-N bond distances vary from 1,29 A 
to I.3U A, indicating that the ligand resonance structure (A) 
makes an appreciable contribution to the electronic struc-
ture of the complex (cf. C-N single bond length = I.U7 S 
QK)]). This indication is affirmed by IR-studies of a num-
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(A) 
ber of these systems which all show a strong absorption band 
in the 1500 - 1600 cm.~ region of the spectrum. This band is 
considered to be due to a polar С-Ы double bond stretch 
QI1, U2]. The relation between the IR-stretching frequency 
and the extent of C-N double bond character is a very subtle 
matter that already has been treated by several authors. 
It has been found that the stretching frequency of the C-N 
bond is a function of several variables, the most important 
ones being: 
i. the electron releasing nature of groups attached to the 
central metal atom of the complex. The effect of diffe­
rent groups on the position of the C-N band in the IR-
spectrum is clearly shown by the series (CH-)pAu(dtc), 
(dtc)Au(dtc) and Br_Au(dtc) (dtc = n-bupdtc), which 
-1 -1 -1 
show IR-frequencies of 1522 cm , 1550 cm and 1565 cm 
respectively Q¿3]. 
ii. the electron releasing effect of N-bonded alkyl groups 
(see [>], p. 72). 
iii. the intermolecular interaction of the molecules or ions 
(in the solid state). The effect of intermolecular in-
teraction on the position of the C-N band in the IR-
spectrum is shown by the series of complexes listed in 
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Table 7.1. All of these show the C-N band at 1550 cm , 
except the complex with Br" аз anion for which the C-N 
band is found at 1575 cm" · 
Being aware of these differences in IR-stretching frequency 
of the C-N bond in closely related metal dithiocarbamates, 
the question arises if a higher C-N stretching frequency, 
observed for a particular complex, indicates a larger ex­
tent of C-N double bond character. If so, then a higher C-N 
frequency might be correlated with a shorter C-N bond length. 
In order to investigate this possible relation between IR-
frequency and length of the C-N bond in any two particular 
metal-dithiocarbamates, we first calculate the expected 
difference in C-N bond length for a given shift in IR-fre­
quency. Observed IR-frequencies of the C-N bond and bond 
distances for a number of N,N-dialkyldithiocarbamato com­
plexes are tabulated in Table 7.3. To estimate the expected 
difference in C-N bond length between two dithiocarbamato 
complexes for which the difference in IR-frequency of the 
C-N bond is known, the procedure outlined by Fackler and 
Coucouvanis \^h] was used. According to this procedure the 
C-N bond length is related to the C-N bond order by the re­
lationship 
Rs 
In AR = -0.550 Ρ + In ~ (7.1) 
where, 
2 s 
ΔΗ Ξ R - — R . R is the C-N bond length in a particular 
s 
complex, Ρ + 1 is the bond order of this bond, and R is the 
C-N single bond length. Fig. 1.6 shows a plot of eq. 7.1 for 
single, double and triple bonded C-N as given by Fackler and 
Coucouvanis. 
7h 
Table 7.3 
C-N bond lengths and IR-atretching frequencies of some dithio-
carbamato complexes 
compound 
Zn(et2dtc)2 
Cu(et2dtc)2 
Ni(et2dtc)2 
Au(n-bUgdtc)2AuBr2 
Auin-bUgdtcJgAgBrg 
Au(n-bu2dtc)2Au(mnt)2 
Br2Cu(n-bu2dtc) 
Au(n-bu2dtc)2Br 
v(C-N) 
1505 
I5O8 
I512 
1550 
I55O 
1550 
I56O 
1575 
(cm-1) C-N (Ä) 
obs. 
1.325(9) 
1.3M1) 
1.325(9) 
1.30(1») 
1.30(5) 
1.29(2) 
1.30(3) 
1.30(2) 
C-N (Ä) 
cale. 
1.333 
1.331 
1.329 
1.307 
1.307 
1.307 
1.301 
I.292 
Ref. 
7 
7 
7 
39,33 
39,31 
39,36 
38 
3k 
The fourth column of this table (C-N ) is referred to 
on page 77. C 
To obtain the bond orders to be used in eq. 7.1, the relation-
ship between bond order and ν (the square of the C-N stret­
ching frequency) given by Packler and Coucouvanis was used. 
Fig. 7*7 shows a plot of this relationship for single, double 
and triple bonded C-N. In this plot, the points corresponding 
to the IR-frequency of the C-N bond in the complexes 
Cu(et2dtc)2, Au(n-bu2dtc)AgBr2 and Au(n-bu2dtc)2Br (being 
three representatives of Table 7.3) are indicated. By sub­
stituting the C-N bond orders obtained in this way in eq. 7.1 
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• S IO 15 2.0 2.S 3-0 
τ 1 1 <—"~ι 1 
Ρ 4-1 
.¿ι 
.G 
.8 
1-0 
1.2 
1.4 
1.8 
2.0 
JÊnûR 
(^ borici oir de к) 
Fig. Т.б - Plot of -In ΔΗ vs. bond order for C-N bonds (eq. 
T.l). The points indicated correspond to single, 
double ana. triple bonds. For references see 0*4· 
(Fig. 7.6), corresponding C-N bond distances were obtained 
for each of the above complexes. Differences in C-N bond 
length of 0.01 S and 0.02 S were calculated for complexes 
differing by 25 cm" and 70 cm - in IR-frequency. 
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Fig. 7*7 - ν vs. bond order plot for single, double and 
triple bonded C-N. The lengths of the lines 
correspond to the accuracy of the frequency de­
termination. The points marked with 1,2 and 3 
correspond to Cu(et2dtc)2, Auin-bu.dtcîpAgBr. 
and Au(n-buodtc)pBr respectively. Por references 
see 
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These differences in C-N bond length are of the order of 
magnitude of the standard deviation in a C-N bond length 
(see Table 7·3). Thus, considering only a few individual 
complexes, no conclusive evidence is obtained for a decrease 
in C-N bond distance with an increase in IR-stretching fre-
quency. However, based upon the data of a great number of 
measurements (e.g. all the data given in Table 7.3), it can 
be shown that a higher IR-frequency of the C-N bond is rela-
ted with a shorter C-N bond length. Assuming, in first approxi-
mation, a linear relationship between IR-frequency and bond 
length of the C-N bond, a least-squares line a + bv = d 
(v is the IR-frequency of the C-N bond and d is the bond 
length) was calculated from the data given in Table 7.3. 
The calculated values for a and b were 2.207 (e.s.d. 0.217) 
and-58.10 (e.s.d. lU.IO"5) respectively. The C-N bond dis-
tances which have been calculated using these values of a 
and b, are also given in Table 7.3. The slope of the least-
squares line is more than four times its standard deviation, 
showing that there is a significant tendency towards shorter 
C-N bonds as the IR-stretching frequency of this bond in-
creases. 
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S U M M A R Y 
The interest in transition-metal complexes of sulfur 
donor ligands ranges from practical applications of these 
compounds to general considerations of metal-sulfur bonding. 
Such interest, especially during the laat decade, has prompted 
a fairly large number of X-ray crystal-structure analyses of 
these compounds. The results of these studies are of conside­
rable interest, since they may aid in the interpretation of 
various physical and chemical properties of the complexes. 
Two groups, in particular, of the above mentioned complexes 
have been extensively investigated, viz., the 1,1- and the 
1,2-dithiolates. In the first group, the ring which contains 
the metal atom aai the sulfur atoms of the bidentate ligand 
is four-membered, vhereas, in the second group, it is five-
membered. The results of structural investigations of both 
groups of complexes are covered in a recent review (see foot­
note page 2). 
In this thesis crystal-structure analyses of some com­
plexes belonging to both of the above groups are reported. 
These structure determinations were undertaken as part of a 
program, carried on by the Department of Inorganic Chemistry 
at this University, for the study of transition-metal com­
plexes of sulfur donor ligands. As far as the 1,1-dithiolates 
are concerned, research is being directed to the oxidation 
(halogenation) of metal Ν,Ν-dialkyldithiocarbamates. One 
result has been the synthesis of the dithiocarbamato com­
plexes, the structure determinations of which are reported 
in this thesis. The crystal-structure analysis of the com-
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pound Au(dtc)pAgBr- (dtc = iïtN-di-n-butyldithiocarbamate) 
is described in chapter IV. Crystal structures of the analo-
gous complexes Au(dtc)2AuBr„ and Au(dtc)2CuBr? have been pre-
viously determined in this laboratory. All three of these 
compounds consist of Au(dtc)p cations and MBr~ anions (M = 
Au, Ag and Cu). The crystal-structures of these complexes 
are compared in chapter VII. The crystal-structure of the 
complex containing AgBr" as anion is different from those 
of the isomorphous structures of complexes with AuBr" and 
CuBr~ anions. In the latter compounds, the anions are situ-
ated in "holes" formed by the butyl chains of the dtc-ligands 
of the cations. The shortest cation-anion approach is a Br-N 
distance of З.63 A. In the compound containing AgBr", the 
anion is not situated between the alkyl chains; rather, it 
lies between the sulfur atoms of the dtc-ligands of the ca­
tions. The shortest cation-anion separation in this case is 
a Ag-S distance of 3.16 A. 
In chapter V and chapter VI the structure determinations 
of two dithiolato complexes of gold (both with molecular 
formula Au(dtc)(mnt), mnt я maleonitriledithiolate) are re­
ported. Based upon chemical considerations, one of these 
compounds was expected to be Au(dtc)2Au(mnt)~ and the other, 
Au(dtc)(mnt). The structure determinations confirmed these 
expectations. The structure determination of Au(dtc)(mnt) 
(chapter VI) is the first crystal-structure analysis of a 
member of a new group of dithiolato complexes, viz., a group 
in which a 1,1- and a 1,2-dithiolato ligand are coordinated 
with the same metal atom. A comparison of the structures of 
bis-1,1- and bis-1,2-dithiolato complexes of gold and a com­
parison of these structures with that of the 1,1-dithiolato-
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1,2-dithiolato complex із given in chapter VII. The average 
Au-S bond length in the Au(nmt)" complex is significantly 
shorter than the average Au-S bond length in the Au(dtc)_ 
complex (2.333(5) Ä vs. 2.309(5) S). The Au-S bond lengths 
in the 1,1-dithiolato-1,2-dithiolato complex of gold are 
2.291*(5) X in the mnt-moiety and 2.326(5) Ä in the dtc-moiety. 
Interpretations of these differences are discussed. The co-
ordination symmetry found in the 1t1-<Üthiolato-1,2-dithiolato 
complex of gold deviates considerably from that observed in 
the bis-1,1- and bis-l,2-dithiolato complexes of gold. Each 
of the two ligands in Au(dtc)(mnt) is approximately planar, 
but the dtc- and the mnt-ligand planes intersect with a di-
hedral angle of 8.5 . The gold atom is displaced by about 
0.1 A from both planes. In the crystal of Au(dtc)(mnt)t the 
molecules are packed pairwise about inversion-centres with 
a closest S-S approach of 3.1+38(6) A. Although this inter-
ligand S-S distance is quite large, the pairwise packing 
of the molecules is interesting in view of proposed stabili-
zing effects if interligand S-S interactions. The S-Au-S 
angle which opens towards the partner-molecule is U.I 
larger than the opposite angle (99.1(2)° vs. 95.0(2)°). 
Arising from difficulties in a Patterson solution of the 
structure described in chapter V, investigation was initiated 
as to the applicability of direct methods to centrosymmetric 
structures containing some dominating heavy atoms. This re-
search, which is described in chapter II, has, in our opi-
nion, resulted in a procedure which can be useful in an auto-
matic structure analysis routine. 
The intensity data collected for the crystal-structure 
determination described in chapter VI were also used to de-
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velop a procedure for the determination of an a priori least-
squares weighting scheme. The procedure is described in chap-
ter III. Research concerning the topics discussed in chapters 
II and III has not yet been concluded, and it is our inten-
tion to continue this work. 
In addition to some previously mentioned structural com-
parisons, chapter VII contains a simple analysis of the 
supposed correlation between IR-stretching frequency and 
length of the C-N bond in dithiocarbamato complexes. There 
is a significant tendency towards shorter C-N bonds as the 
IR-stretching frequency of this bond increases. 
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S A M E N V A T T I N G 
De grote belangstelling voor complexen van overganga-
metalen met zwavelhoudende liganden strekt zich uit van de 
technische toepassingsmogelijkheden van deze verbindingen 
tot onderzoek naar de aard van de metaal-zwavel binding. 
Deze belangstelling heeft ertoe geleid dat, vooral in de 
afgelopen tien jaren, van een vrij groot aantal van deze 
verbindingen de kristalstruktuur met behulp van rontgen-
diffraktie technieken is bepaald. De gegevens die de struk-
tuurbepalingen opleveren kunnen worden gebruikt bij de inter-
pretatie van diverse fysische en chemische eigenschappen 
van de complexen. Van de genoemde complexen staan twee groe-
pen in het bijzonder in de belangstelling, namelijk de 1,1-
en de 1,2-dithiolaten. De eerste groep wordt gekenmerkt door 
het feit dat de bidentale zwavelhoudende liganden met het 
metaal atoom een vier-ring vormen, terwijl in de tweede 
groep analoog een vijf-ring voorkomt. Voor een samenvatting 
van de resultaten van atruktuur onderzoek aan beide groepen 
complexen zij verwezen naar een recent overzichtsartikel 
(zie voetnoot pag. 2). 
In dit proefschrift worden de kristalstruktuur analyses 
van enkele complexen uit beide bovengenoemde groepen be-
schreven. Deze struktuurbepalingen vonden plaats in het ka-
der van het onderzoek op het gebied van overgangsmetaal com-
plexen met zwavelhoudende liganden dat geschiedt op het Anor-
ganisch Chemisch Laboratorium van deze Universiteit. Op het 
gebied van de 1,1-dithiolaten consentreert dit onderzoek zich 
op de oxidatie (halogenering) van N,N-dialkyldithiocarbamaten. 
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Dit heeft onder andere geresulteerd in de synthese van de 
dithiocarbamato complexen van goud waarvan de kristalstruk-
tuur analyses in dit proefschrift staan beschreven. De 
struktuur bepaling van de verbinding Au(dtc)pAgBrp (dtc = 
NtN-di<-n-butyldithiocarbamaat) wordt beschreven in hoofd­
stuk IV. Van enkele analoge verbindingen (Au(dtc)2AuBrp en 
AuidtcJpCuBr«) waren reeds kristalstruktuur analyses verricht 
op dit laboratorium. Elk van deze drie verbindingen is opge­
bouwd uit Au(dtc)p ionen en МВгГ ionen (M = Au, Ag, Cu). In 
hoofdstuk VII worden de kristalstrukturen van de drie ge­
noemde verbindingen vergeleken. De struktuur van de verbinding 
met AgBrZ als anion is verschillend van die van de onderling 
isomorfe verbindingen met AuBr" en CuBr~ als anion. In de 
laatste twee complexen ligt het anion in de "holten" tussen 
de butylketens van de dtc-liganden van de kationen. De kort­
ste afstand tussen anion en kation is een Br-N afstand van 
З.бЗ A. In de verbinding met AgBr. ligt het anion niet tussen 
de alkylgroepen maar tussen de zwavel atomen van de dtc-
liganden. Nu is een Ag-S afstand van 3.16 A de kortste af­
stand tussen anion en kation. 
In de hoofdstukken V en VI worden de struktuur bepalingen 
van twee dithiolato complexen van goud (beide met molecuul­
formule Au(dtc)(mnt), mnt = maleonitrildithiolaat) beschre­
ven. Op grond van chemische overwegingen werd voor de ene 
verbinding de struktuur Au(dtc)2Au(mnt)~ verwacht en voor de 
andere Au(dtc)(innt). Deze verwachting werd door de struk­
tuur bepalingen bevestigd. De struktuur opheldering van het 
complex Au(dtc)(mnt) is de eerste kristalstruktuur analyse 
van een lid van een nieuwe groep dithiolato complexen, name-
8U 
lijk de groep waarin een 1,1- en een 1,2-dithiolato ligand 
zijn gecoördineerd aan hetzelfde metaal atoom. Een verge-
lijking van de strukturen van Ъіа-1,1 en bis-1,2-dithiolato 
complexen van goud en een vergelijking hiervan met de struk-
tuur van het 1,1-dithiolato-1,2-dithiolato complex van goud 
wordt gegeven in hoofdstuk VII. De Au-S bindingelengte in 
het Au(mnt)" complex is significant korter dan de Au-S 
bindingslengte in het Au(dtc)p complex (gemiddeld 2.333(5) Ä 
vs. 2.309(5) Ä). In het IJ-dithiolato-l^-dithiolato complex 
van goud zijn de Au-S bindingslengten 2.29^(5) A in het mnt-
deel en 2.326(5) A in het dtc-deel* Verklaringen voor deze 
verschillen worden besproken. Voor het 1,1-dithiolato-1,2-
dithiolato complex van goud werd afwijkende coördinatie 
symmetrie gevonden vergeleken met de bis-1,1- en de bis-1,2-
dithiolato complexen. Elk der beide liganden in Au(dtc)(mnt) 
is in goede benadering vlak, maar de vlakken van beide li-
ganden maken een hoek van 6.5 met elkaar. Het goud atoom 
heeft een afstand van ongeveer 0.1 A tot beide vlakken. In 
het kristal van Au(dtc)(mnt) zijn de moleculen paarsgewijze 
gerangschikt om symmetrie-centra met een Kortste intermole-
culaire S-S afstand van 3»h3Q(6) Α. Hoewel deze interligan-
daire S-S afstand vrij groot is, is de paarsgewijze patuting 
van de moleculen toch interessant gelet ook op het gesugge­
reerde stabiliserende effekt van interligandaire S-S interak-
ties. Naar de kant van het partner-molecule is de S-Au-S 
hoek U.I0 groter dan naar de andere kant (99·1(2) vs. 
95.0(2)°). 
Uit moeilijkheden ondervonden bij de Patterson oplossing 
van de in hoofdstuk V beschreven verbinding is een onderzoek 
voortgevloeid naar de toepasbaarheid van directe methoden bij 
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de struktuurbepaling van centrosymmetrische strukturen met 
enkele overheersende zware atomen. Dit onderzoek, dat wordt 
beschreven in hoofdstuk II, heeft naar ons idee geresulteerd 
in een methode die in een automatische struktuur analyse 
routine zou kunnen worden gebruikt* 
De intensiteits-gegevens verzameld voor de struktuur be-
paling beschreven in hoofdstuk VI, werden tevens gebruikt 
voor het ontwikkelen van een methode voor de bepaling van 
een à priori gewichten-schema voor de kleinste kwadraten ver-
fijning. Deze methode wordt beschreven in hoofdstuk III. Het 
onderzoek aan de onderwerpen van de hoofdstukken II en III 
is nog niet afgesloten en verder onderzoek ligt in de be-
doeling. 
Naast de reeds genoemde vergelijking van enkele kristal-
strukturen, bevat hoofdstuk VII een eenvoudige analyse van 
de vermoede correlatie tussen de IR strek-frequentie en de 
lengte van de C-N binding in N,N-dialkyldithiocarbamato com-
plexen. De C-N bindingslengten tonen duidelijk de trend kor-
ter te worden naarmate de IR strek-frequentie van de C-N 
binding groter wordt. 
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